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ABSTRACT  
The obesity epidemic has been consistently observed in both developed and developing 
countries. Despite the recognized deleterious effect of obesity on many chronic diseases and 
health conditions, the social determinants of obesity in developing countries remain poorly 
understood. Theoretically, social science studies on health have generally followed two research 
traditions: one examines socioeconomic disparities in health, and the other studies the effects of 
income inequality on health. They have tested three competing hypotheses – the absolute income 
hypothesis, the relative income hypothesis, and the income inequality hypothesis.  
Drawing upon both traditions, this dissertation aims to understand the patterns and social 
determinants of adult obesity in China. The obesity epidemic in China is complicated by the 
country’s fast economic growth, diverse population, severe income inequality, profound on-
going socio-economic changes, and nutrition transitions. This dissertation has three specific 
objectives. The primary objective is to examine the effects of individual- and area-level 
socioeconomic status (SES) and income inequality on obesity. The secondary objective is to 
evaluate the influence of the built environment on obesity. The third one is to compare the 
difference in effects of SES and inequality on obesity across different built environment 
contexts. A multilevel framework approach is used to study these aims and the proposed 
hypotheses. 
 
This dissertation has found that, at the individual-level, income and wealth are positively 
associated with body weight outcomes, whereas more education and a manual occupation are 
protective factors. The relative income is irrelevant to obesity. At the area-level, living in a less 
deprived community lowers one’s risk of developing obesity while higher levels of urbanization 
increase the obesity risk. Income inequality is inversely associated with the obesity risk. The 
local built environment as assessed by the presence of fast food restaurants and sports facilities is 
modestly associated with the obesity risk. When stratified by built environment contexts, the 
associations between multidimensional SES and obesity vary across the contexts, but inequality 
effects on obesity remain significant and consistently negative. Education and income effects are 
pronounced in the context with the presence of fast food and absence of sports facilities. In 
summary, this dissertation has found some similar patterns of the SES-obesity associations that 
have been identified in the Western countries. In addition, to the best of our knowledge, this is 
the first study reporting consistently strong negative effect of inequality on obesity, opposite of 
what was found in developed countries.  
 
This dissertation concludes that in China, the SES effects on obesity depend on the 
context of the built environment, whereas the negative effect of inequality on obesity is 
independent of such contexts. These findings contribute to the understanding of the effects of 
SES and income inequality on health and obesity, especially for developing countries.  
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CHAPTER 1:  
INTRODUCTION 
 
This introductory chapter will first discuss the background of this study, and then will describe 
the purpose of the study, conceptual framework, research questions, data and methods. Finally it 
introduces the organization of this dissertation. 
 
1.1 STATEMENT OF THE PROBLEM AND SIGNIFICANCE 
1.1.1 Obesity: A Public Health Concern and Study Approaches 
The obesity epidemic has been observed in many regions in the world. In 2010, the 
World Health Organization (WHO) estimated that 475 million people were clinically obese 
(WHO 2000). Obesity has been established as a risk factor for major chronic diseases such as 
cardiovascular disease and cancer, and is accompanied by alarming economic burdens. Although 
developed nations suffer the most from the obesity epidemic, developing countries face the 
similar challenge of obesity related public health concerns. Identifying factors that may cause 
obesity is one of the crucial steps to develop prevention strategies. Among the numerous efforts 
invested on obesity research, some determinants of obesity have been identified at both macro 
and micro levels, ranging from biological, behavioral factors to socioeconomic and contextual 
factors.  
Previous studies on obesity come from the fields of medicine and public health (Flegal et 
al. 2010; Hu 2008; Sobal and Stunkard 1989). Although medicine and public health studies have 
reported various factors that were associated with obesity risk, the mechanism of obesity still 
remains unresolved. With the widespread participation of social scientists in burgeoning social 
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studies of health (Adler et al. 1994; Adler and Ostrove 1999; House et al. 1990), research 
dedicated to explicating the multifaceted relationship between social determinants of health 
(Kawachi and Berkman 2003) including obesity (Rosengren and Lissner 2008) has arisen. A 
social determinants approach to understanding obesity recognizes that obesity trends and patterns 
are associated with individual and contextual socioeconomic factors, as well as the built 
environment. This study from the lens of social determinants adds up to the literature of the 
obesity epidemic and disparities in populations. Most research has been conducted in the West 
(Wang and Beydoun 2007), while parallel research in developing countries is limited (Monteiro 
et al. 2004a). 
1.1.2 Why China  
In this dissertation, I focus on China as the site of this obesity study. There are multiple 
reasons suggesting China is a strategic case for a social determinants approach to the obesity 
study. First and foremost, the social determinants of obesity in China are not clear. Since the 
majority of the studies have been conducted in developed countries, limited research exists in 
developing countries, whose economic and social environments are very different from 
developed nations; hence obesity prevention strategies may vary. As such, obesity in the context 
of developing countries including China has only recently come to the attention of researchers. 
With the evolving obesity epidemic in developing countries including China, it has become 
increasingly intriguing and important to seek answers to social determinants of obesity in 
developing countries.   
The second reason comes from the fact that China is facing a pressing concern of obesity 
which needs systematic research for prevention strategies. Although China is not the fattest 
nation in the world, obesity in China has been a public health concern for over one decade with 
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millions of people suffering and billions of dollars in economic burdens involved (Zhao et al. 
2008). There was an increase from 14.6 to 21.8% of the overall rate of overweight and obesity in 
China from 1992 and 2002. The increasing obesity prevalence is observed in all gender and age 
groups of all geographic areas. Central obesity was 19.5% in men and 38.2% in women (Wang et 
al. 2007). In other words, there was an increase of nearly 50% in the overweight and obese 
population in China in only 10 years; the increase rate was similar to that of the U.S., the widely 
known “fattest country” in the world, from 1960 to 2000. Previous research mainly focused on 
proximate individual risk factors such as diet and activity level, but the social determinants of 
obesity in China remains unclear. 
The third reason is that China’s unique social context provides an intriguing case for 
studying the social determinants of obesity in a large developing country in transition with 
economic growth and deep income inequality. China is the largest developing country in the 
world, an economic power in transition, and an active player in global affairs with an average life 
expectancy of 73 years (The United Nations 2006 ), a per capita GDP of $ 3,744 (World Bank 
2009), and a Gini coefficient as high as over 4.0 (Human Development Report 2006). Between 
the foundation of the People’s Republic of China (PRC) in 1949 and the mid-1970s, China had a 
strict, central-planned economy. Since the economic reform in the late 1970s, China has 
experienced profound social change and economic development. Major social changes have 
included the institutional transformation from the national level to the county level, the 
transformation from planned economy to the market economy (Bian and Logan 1996; Nee 1989), 
the migration of millions of farm laborers to the urban areas (Zhao 1999) and subsequent 
lifestyle changes. More recently, urbanization was witnessed across the whole country (Chen 
2006; He and Pooler 2002; Kasarda and Crenshaw 1991; Shaoquan et al. 2004). In addition, the 
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westernization in the lifestyle (high caloric intake dietary patterns and sedentary lifesltye) that 
were associated with health outcomes was observed (Cockram et al. 1993; Miao et al. 2008; 
Popkin 1999). The complex social context in China provides a fertile ground for studying the 
effects of SES disparities and social inequalities on obesity. However, there is very limited 
published research at the national-level on these topics.  
In summary, China is a well-known developing country in major transitions, which 
include rapid economic growths, widening income gaps and dynamic changes in population 
health. The economic and political conditions at the macro level, the income and wealth 
conditions of individuals, the occupation structure, the education system, and income inequality 
in China are very different from that of the West and other developing countries. This study in 
China not only contributes to the obesity literature in general, but also to the growing literature in 
developing countries and in China itself.  
1.1.3 Research Traditions and Major Hypotheses 
To better understand obesity from a social determinants approach, a sound theoretical 
framework from social science is necessary. Despite the evidence of social determinants of 
obesity, there is no ready theory regarding how to examine the social determinants of obesity. 
Hence I use research traditions in social studies of health for the theoretical basis to study social 
determinants of obesity. 
In social science, health inequalities studies have actively engaged researchers from 
multiple disciplines, including sociology, demography, economics, epidemiology, psychology, 
and social medicine. Studies generally follow two research traditions: One examines 
socioeconomic disparities in health, while the other studies the socioeconomic inequality effects 
on health. The first tradition, using individual-level data, focuses on socioeconomic determinants 
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of health such as individual income, occupation and education (or parents’ education for subjects 
who are infants, children and adolescents). This tradition in sociology traced back to 1930s when 
the Chicago school scholars’ observation on SES and mental disorders (Faris 1965). SES is 
commonly measured by determining education, income, occupation, or a composite of these 
dimensions. Within the first tradition, studies of socioeconomic gradient in health have reported 
mixed findings and debated about whether higher SES gradients were related to better health. 
The second tradition, using aggregate-level or multilevel data, examines the impact of the 
distribution of income on population health. Researchers studied associations between inequality 
(measured by indices, e.g. the Gini coefficient) and health (measured by, e.g. life expectancy and 
mortality) at the population level or health outcomes at the individual level. Within the second 
tradition, mixed results have been observed with regard to whether there is a negative association 
between income inequality and health. The different perspectives lead to different conclusions: 
The first tradition generally claims that poor health is more prevalent among individuals with 
disadvantaged socioeconomic backgrounds, most prominently low income. The second tradition 
mainly blames poor health in industrialized societies on the social inequalities, especially income 
inequality, and claims that the health is affected by the inequality of income distribution rather 
than people’s own income, possibly through defragmented human and social capital, social 
cohesion and certain psychological pathways.  
There are three competing hypotheses on income-health association from the two 
traditions: the absolute income hypothesis (AIH), the relative income hypothesis (RIH), and the 
income inequality hypothesis (IIH). The wealth-health association can be studied by examining 
different income measures: the absolute income, the relative income and income inequality. AIH 
suggests that average health in society improves as the average income in society increases, and 
6 
 
one’s health improves with the increase of the absolute individual income, but income inequality 
or the relative income has no direct effect on health. RIH suggests that it is one’s income relative 
to that of others in a reference group, rather than absolute material standards, is related to health, 
and a higher relative income is associated with better health. IIH suggests that income inequality 
is directly associated with health outcomes, such that the less unequal a society is, the better 
health status for the people in the society.  
Several problems of the three approaches remain. First, the consistency and robustness of 
effects of income and income inequality on health continues to generate controversies. By 
controlling for different covariates and confounding factors, income inequality effects can be 
weakened and even eliminated, and may change across cohorts and periods (Fiscella and Franks 
1997b). Second, the appropriate level of study is still being contested. Either the aggregate-level 
or the individual-level study has potential problems. Third, most studies were done in 
industrialized countries, leaving the relevance of income and income inequalities’ effects on 
health in non-Western countries to be examined. A few examples of the income and inequality 
effects on health in developing countries include the health inequalities in Argentina (Fernando 
2008), China (Chen et al. 2010; Li and Zhu 2006) and India (Subramanian et al. 2007). These 
studies reported mixed, even opposite findings with those in the industrial societies. Systematic 
critique of the income hypotheses in developing societies has not been addressed. In addition, the 
multidimentionality of SES in relation to the health inequalities among individuals is not well 
addressed. The current study stems from these un-addressed issues. It brings the two research 
traditions together and explores the robustness of the income-related hypotheses to examine the 
relation of SES gradient and income inequality on obesity. The relevance of the AIH, RIH and 
IIH will be assessed through a multilevel analysis of data.  
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1.2 RESEARCH PURPOSE AND METHODS  
The main purpose of this dissertation is to identify and evaluate the importance of social 
determinants of obesity as assessed by SES and income inequality in China. Bringing the two 
traditions of social determinants of health inequalities together, I study the patterns of both 
individual-level and macro-level determinants within China’s social circumstances. I have three 
major objectives. The primary objective is to examine effects of individual- and area-level 
measures of SES, and income inequality on obesity among Chinese adults. The second objective 
is to examine the main effects of the built environment (assessed by the presence of fast food 
restaurants and sports facilities in the community) on obesity risk. The third one is to  compare 
the SES effects and inequality effects on obesity across different built environment contexts. I 
argue that social determinants of adult obesity in China should be contextualized by the social 
conditions including the regional and the urban-rural disparities, income inequality, the 
community characteristics and individual SES positions that put people at risk. This is the 
background for generating research questions and hypothesis. 
The dissertation addresses the following questions: Does the SES-obesity association in 
China resemble the inverse SES-obesity link in the more developed countries? To what extent 
does income inequality affect obesity? Does a highly unequal community environment affect the 
relationship between SES and obesity? Do the SES and inequality effects observed in the overall 
setting differ across built environment contexts? In my conceptual model, the obesity outcome is 
related with three effects: SES effect, relative deprivation effect and inequality effect. The 
conceptual model and the hypotheses are useful to reveal the potential relationships at the 
intersection between individual and contextual levels. With these, my goal is to approach an 
appropriate model that captures the various effects of the determinants of obesity at both the 
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individual-level and the ecological-level, including income inequality effect, which is especially 
important because regional income inequality in China has not been examined on obesity 
outcome. Further, the robustness of the associations are compared across the different built 
environment contexts.  
I use two data sets: The sample is drawn from China Health and Nutrition Survey 
(CHNS), a widely used data for studying the nutrition and health issues in contemporary China. I 
derive inequality data from Chinese General Social Survey (CGSS), an on-going national survey 
of China’s households. The total study sample included 9,586 adults from 73 urban communities 
and 135 rural communities from nine provinces of various geographic diversity, development 
levels and income inequities in China. I assess two outcomes of weight status: The continuous 
BMI and dichotomous obesity status. Bivariate associations are used to show the straightforward 
relations between exposure and outcome. Multilevel linear and logistic regression models are 
used because it is the effective method to examine spontaneously the individual characteristics, 
community features and regional environment, while allowing for observed variations to be 
partitioned at hieratical levels. Based on previous studies, I hypothesize that higher risk of 
obesity is associated with less education, higher income, more relative income, residence in a 
less deprived community and higher levels of inequality. I further hypothesize that built 
environment with fast food accessibility increases the obesity risk, whereas local sports 
environment lowers the risk. Finally, I hypothesize that the effects of SES, relative income, 
income inequality and obesity are stronger in some type of built environment than others and 
make comparisons across the contexts. 
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1.3 ORGANIZATION OF THE STUDY  
This dissertation consists of eight chapters. Following Chapter 1, the introduction, 
Chapter 2 and 3 provide detailed reviews of obesity trends and interpretations as an important 
background for this study. Chapter 2 reviews global trends and patterns of the obesity epidemic, 
its importance as an emerging public health concern in both developed and developing world, 
and the patterns of determinants of obesity. Chapter 3 introduces China’s context and focuses on 
obesity trends and current explanations in China. Chapter 4 reviews literature on health studies in 
the social science and major hypotheses, and summarizes the current evidence in general health 
outcome, both in developed and developing world. Chapter 5 first reviews literature of obesity in 
the discourse of two health study traditions; it then provides a detailed description of the methods 
used including the data, study variable, conceptual model, hypotheses and analytical methods, 
followed by detailed descriptive and analytical results. Chapter 6 presents a detailed discussion 
of the results of bivariate and multilevel investigation of the effects of individual-SES, relative 
deprivation and macro-level social context on obesity among Chinese adults. In addition, 
Chapter 7 studies the local built environment and one’s access to community facilities in relation 
to obesity, and examines the SES effects and income inequality effects on obesity stratified by 
the local built environments and compares the results. Finally, Chapter 8 provides a discussion of 
the results in relation to study aims and hypotheses, along with a discussion of limitations and 
implications of this research.  
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CHAPTER 2:  
GLOBAL OBESITY EPIDEMIC 
 
Obesity is a health condition characterized by excessive amount of body weight. Over the past 40 
years, obesity has been increasing at an alarming rate throughout the world with diverse patterns 
across nations and ethnic populations. These trends and patterns continue to attract a great deal 
of attention from various sides. This chapter reviews the global obesity epidemic in terms of its 
global trends and patterns and its importance as an emerging public health concern. This chapter 
also briefly discusses general determinants of obesity, while a more complete review of the 
literature will be presented in later chapters.  
 
2.1 GLOBAL TRENDS AND PATTERNS 
Obesity is found in people of all ages worldwide. The latest International Obesity Task 
Force (IOTF) analysis reported that over one billion adults were overweight, and a further 475 
million were clinically obese in 2010, IOTF also estimated that up to 200 million school-aged 
children were either overweight or obese, of which 40-50 million were classified as obese. 
Nearly 43 million children under the age of five were overweight. In the European Union 27 
member states, 60% of adults and over 20% of school-aged children were overweight or obese, 
equating to 260 million adults and over 12 million children suffering from being overweight or 
obese (WHO 2010). The number increased from 155 million (i.e. 10% of school-aged children) 
in 2004 (Lobstein et al. 2004). In this section, I review the general definition and measurement, 
as well as trends and patterns of obesity in both high-income industrial countries and developing 
countries.  
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2.1.1 General Definition and Measurement of Obesity 
Although definition of obesity may vary in different cultural contexts, current definition 
in scholarly research is based on Western standards. The WHO definition of overweight and 
obesity is abnormal or excessive fat accumulation that may impair health (WHO 2010). In the 
U.S., obesity specifically refers to an excessive amount of adipose tissue in the body and 
overweight specifically refers to an excessive amount of body weight that may come from 
muscles, bone, adipose (fat) tissue, and water, as defined by National Institute of Health 
(Weight-control Information Network 2010). The most widely used definitions of obesity are 
based on Body Mass Index (BMI). BMI was first invented in 1832 by Adolphe Quetelet, a 
Belgian astronomer, sociologist and statistician. It was used as a proxy for human body fat based 
on one’s weight and height in Quetelet’s study of human physical characteristics and social 
aptitudes. It was known as the Quetelet Index until it was termed as the “Body Mass Index” in 
1972 by Ancel Keys (Eknoyan 2008).  
BMI, a simple index of weight-for-height, is widely used in classifying underweight, over 
weight and obesity in both adults and children. BMI is calculated as weight in kilograms divided 
by the square of height in meters (kg/m2). BMI values are independent of age and sex. Table 1 
describes the international classification of adult underweight, overweight and obesity using BMI 
classifications. Based on the increased risks of morbidity and mortality, the WHO defines 
“obesity” as a BMI equal to or more than 30 kg/m2, “overweight” as a BMI between 25 and 30 
kg/m2, and “underweight” as a BMI below 18.5 kg/m2. Those in the obese category are 
considered to be at an increased risk of disease irrespective of the presence of other risk factors 
(World Health Organisation et al. 2000). 
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However, in cross-cultural settings, increasing evidence showed that the same BMI levels 
might correspond to different body fatness and fat distribution across different ethnic 
populations. For example, research showed that Asian populations might have a higher risk of 
the cardiovascular disease and type II diabetes than Caucasians (Deurenberg et al. 2002). 
Likewise, the BMI cut-off points for observed cardiovascular disease risk varied from 22 kg/m2 
to 25 kg/m2 among different Asian populations; for high risk groups it varied from 26 kg/m2 to 
31 kg/m2 (WHO 2004). Therefore, the WHO suggested using lower BMI cut-off points to define 
obesity in Asian populations (World Health Organisation, Obesity, and TaskForce 2000). They 
further suggested that different countries can choose their own definitions of increased risk while 
the WHO BMI cut-off points are considered as the international classification (WHO 2004). I 
will discuss the debates on Asian BMI cut-offs further in Chapter 3. 
Bedside the BMI definition of obesity, obesity can also be measured by the body fat 
distribution called waist-hip circumference ratio (WHR), which is a ratio of waist circumference 
to the hip circumference. Epidemiological research demonstrated that WHR was better than 
overall body fat as a predictor for obesity-related cardiovascular disease and diabetes in both 
adults and children because waist circumference is a proxy measure of central body fat 
(Bjorntorp 1992). Recent studies even suggested WHR may better explain obesity-related health 
risk than BMI (Janssen et al. 2004). Nevertheless, BMI is much more widely used in the social 
science research on obesity.  
2.1.2 Trends of Global Obesity 
Historical records from developed countries showed that people’s height and weight 
increased progressively during the 19th century. In the 20th century, while populations from 
developed countries began to approach their maximum genetic potential for longitudinal growth, 
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people began to gain proportionally more weight than height, resulting in an increased mean 
BMI (Caballero 2007; Gardner and Halweil 2000). Worldwide obesity prevalence has more than 
doubled since 1980, but the prevalence varies in different regions of the world.  
2.1.2.1 Obesity Prevalence and Trends in the U.S.  
Obesity prevalence is very high and continues to increase rapidly in the U.S. As shown 
by both national-level data from the National Health and Nutrition Examination Survey 
(NHANES) and state-level data from the Behavioral Risk Factor Surveillance System (BRFSS), 
a marked increase in obesity among American adults aged 20-74 years was observed between the 
first survey cycle during 1960 to1961 and the third survey cycle during 1988 to 1994 (CDC 
2007). Both NHANES and BRFSS were administrated by Centers for Disease Control and 
Prevention (CDC). While NHANES is national-based, BRFSS is an ongoing, state-based, 
random-digit-dialing telephone survey of the non-institutionalized U.S. civilian population aged 
18 years and over. A systematic review of studies published in 1990 - 2006 found that adult 
obesity prevalence increased from 13% to 32% between 1960 and 2004 (Wang and Beydoun 
2007). In 2010, the U.S. age-adjusted obesity prevalence was 32.2% among adult men, and 
35.5% among adult women. Within racial and ethnic groups, it ranged from 31.9% among non-
Hispanic white men to 37.3% among non-Hispanic black men. The age-adjusted prevalence was 
35.5%, ranging from 33.0% among non-Hispanic white women to 49.6% among non-Hispanic 
black women (Flegal, Carroll, Ogden, and Curtin 2010).  
Table 2 and Figure 1 both show the alarming obesity prevalence and trends among the 
U.S. adults. Table 2 describes the trend of obesity in the U.S. from 1960 to 2000. The prevalence 
of obesity among adults increased among both women and men, of all ages, with small variations 
among age and sex groups. In Figure 1, it is obvious that obesity prevalence increased in all age 
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groups from 1971 to 2006, and the trend became remarkably clear after 1976, with record-high 
percent observed from 2005 to 2006. During the same period, overweight prevalence among all 
ages increased duadualy. Adults aged 45 years and older experienced a decline in the overweight 
prevalence after 2003, but the obesity prevalence increased noticeably in the same period.  
Obesity prevalence and trends in the U.S. can be better understood as we examine 
different levels. At the national level, a steady increase in overweight and obesity since the 1970s 
was observed in all states, in both sexes, and across all age groups, races, educational levels 
(Mokdad et al. 1999). After being relatively stable from 1960 to 1980, 33.4% of the U.S. adults 
aged 20 years or older were estimated to be overweight. The overweight prevalence increased 
dramatically in all race and sex groups by approximately 8%, according to data of NHANES III 
surveyed in 1988-1994 (Kuczmarski et al. 1994). In the same survey, the prevalence of obesity 
increased from 12.0% in 1991 to 17.9% in 1998. In 2001, the prevalence of obesity was 20.9%, a 
noticeable increase of 5.6% than the previous year (Mokdad et al. 2003). From 1999 to 2008, the 
prevalence of obesity in the U.S. remained above 30% in most sex and age groups. The annual 
increases in prevalence ranged from 0.3-0.9% (Wang and Beydoun 2007). 
At the state level, in 1990, among all states participating in the BRFSS, 10 states had a 
prevalence of obesity below 10% and no states had prevalence of 15% or higher. By contrast, in 
1999, no state had prevalence less than 10%, but 18 states had a prevalence of obesity between 
20-24%. Still, no state had prevalence equal to or greater than 25%. In 2008, however, only 
Colorado had a prevalence of obesity below 20%. 32 states had a prevalence of obesity equal to 
or greater than 25%. Alabama, Mississippi, Oklahoma, South Carolina, Tennessee, and West 
Virginia had a prevalence of obesity of 30% or higher (CDC 2008). 
2.1.2.2 Other OECD Countries 
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Although the U.S. ranks high in obesity prevalence, the obesity growth is obvious in 
other developed countries, too. In virtually all Western European countries and Australia , that 
the mean BMI as well as the prevalence of overweight (BMI ≥25 kg/m2) increased between early 
1980s and the mid-1990s , as reported by the WHO MONICA Project (Silventoinen et al. 2004). 
Although overweight was less common in most European countries than it was in the U.S., the 
prevalence of overweight adults in Germany, Finland and Brittan was substantially high at over 
50% (Visscher and Seidell 2001). Data from European countries including Germany, Finland, 
Sweden, the Netherlands and England suggested that the prevalence of obesity was either stable 
or increasing over the past two decades. Obesity was relatively more common in European 
women (prevalence around 15%-25%), and especially in Southern and Eastern European 
countries (Seidell 1995).  
The Organization for Economic Co-operation and Development (OECD) Fact Book 
provides obesity statistics for developed countries. Figure 2 shows the percentage of population 
aged 15 and above with a BMI larger than 30 in OECD countries, according to the 2009 OECD 
Fact Book data (OECD 2009). Several OECD countries have alarming obesity rates; in addition, 
all OECD member states have witnessed increasing obesity levels over the last few decades. 
Mexico, New Zealand, and the U.K. are the top three nations that have highest obesity rates next 
to the U.S.  
2.1.2.3 Developing Countries 
The global challenge of obesity is urgent because obesity increase throughout the world, 
not only at a tremendous rate in developed countries (the U.S. and the Europe, etc) but also in 
developing countries including the world’s poorest countries. Compared with that in the 
developed world, obesity in the developing world has entered the public attention more recently 
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as a growing challenge. The rise in the prevalence of overweight and obesity in many lower- and 
middle-income countries in the Asia-Pacific region was regarded as a negative consequence of 
the economic development (Asia Pacific Cohort Studies 2007).  
Recent data showed that the most dramatic increase in obesity was observed in 
developing countries such as Mexico, China, and Thailand. These countries’ obesity rates rivaled 
those in the U.S. and other high-income nations (Popkin 2004). In Brazil, between 1975 
and1989, obesity rates among men and women increased by 92% and 63%, respectively. 
Between 1989 and 2003, obesity prevalence remained stable among women but increased among 
men (Monteiro et al. 2007). In Thailand, the prevalence of obesity has been doubled in the past 
two decades. The prevalence of obesity increased from 13.0% in men and 23.2% in women in 
1991 to 18.6% and 29.5% in 1997 respectively, then further increased to 22.4% and 34.3% in 
2004 (Aekplakorn and Mo-suwan 2009). In China, although the obesity prevalence in China is 
only a third of that in Australia, the increase in prevalence in China over the last 20 years was 
400% compared to only 20% in Australia (Asia Pacific Cohort Studies 2007).   
Although the rates of obesity in developing countries were relatively lower compared 
with what were reported from developed nations, the absolute number of obese population was 
striking. For example, a merely 1% increase in the prevalence of obesity in developing countries 
such as India and China would have led to 20 million additional cases of obesity (Visscher and 
Seidell 2001). 
Obesity in developing countries is associated with the urbanization process accompanied 
by several dietary and behavioral risk factors. For example, the availability of low-cost, energy-
dense foods increased in urban areas of developing countries (Caballero 2005). Figure 3 shows 
the population living in urban areas in both developed and developing countries, from 1980s to 
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2025 (projected). As the world population continues to grow, the increase of urban population in 
developing countries is much more evident, from 4.9 to 6.9 thousand million, compared to only 
1.9 to 1.21 thousand million in developed countries (Hoffman 2001). During the urbanization 
process, lifestyle change tends to be related to risk of obesity factors. Researchers attributed this 
to the subsidized agriculture and multinational companies that provided cheap, highly refined 
fats, oils, and carbohydrates that significantly modified the traditional diet. In addition, 
prevalence of labor-saving machinery devices, affordable motorized transportation, and 
sedentary pastimes have altogether changed people’s lifestyle (Prentice 2006). The obesity 
burden in developing countries should receive more attention for the goal of improving global 
health. 
The WHO issued a non-communicable disease (NCD) report in 2010 with worldwide 
comparison of obesity patterns and trends from the 1990s and projected after 2010 (WHO 2011). 
Figure 4 shows the trends of overweight for infants and young child from 1990 to 2015. Increase 
in percentage of overweight population increased for all the four categories of World Bank 
income groups. As one would intuitively expect, higher percentage of overweight can be 
observed in populations with higher income levels. The upper-middle income group had the 
highest prevalence of overweight among infants and young children, followed by low-middle 
income group, high income group and low income group. However, the lower-middle income 
countries observed sharpest rise in prevalence of overweight among infants and young children. 
This indicates that the burden of global overweight and obesity is shifting from high income 
groups to lower income groups.   
Different from the developed world, the developing nations have a double-burden of 
overweight coexisting with underweight, or as accounted by Food and Agriculture Organization 
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of the United Nations (FAO), “a bitter irony” because overweight takes place while fighting with 
hunger is still a major task in many developing countries. Popkin reported that the world’s 1.3 
billion overweight people had outnumbered the 700 million who were undernourished and such a 
shift from under-nutrition to over-nutrition occurred in less than a generation, leaving most 
developing countries facing a paradox of obesity and underweight at the same time (Popkin 
2009).  
In developing countries, following the trends of the more developed countries, there has 
been shifting burdens of obesity from urban areas to rural areas, from wealthy people to the poor. 
Recent evidence suggests that the burden of obesity can no longer be considered a problem of the 
socioeconomic elite. A study in Brazil found that, compared to the period between 1975 and 
1989, in the recent decade, Brazilian low-income women were significantly more susceptible to 
obesity than high-income women (Monteiro, Conde, and Popkin 2007). In addition, according to 
a comprehensive review of studies on obesity in developing countries published between 1989 
and 2003, as a country’s gross national product (GNP) increased, obesity tended to shift from 
higher SES group towards the lower SES group (Monteiro et al. 2004b). Although obesity was 
often found among the relatively high socioeconomic groups and the urban areas, more recent 
trends observed a shift in prevalence from higher to lower socioeconomic levels and to rural 
regions (Caballero 2007).  
 
2.2 IMPORTANCE OF OBESITY: AN EMERGING PUBLIC HEALTH CONCERN 
The WHO reported the global and regional burden of diseases attributable to overweight 
and obesity. Specifically, obesity reduced life expectancy and greatly increased the risk of 
diseases and societal economic burden (James et al. 2004). Obesity has become a public health 
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concern due to its wide prevalence over the recent decades, and its unwanted health, economic 
and social consequences.  
2.2.1 Health Risks Caused by Obesity 
Obesity has been considered a major risk factor for morbidity and all-cause mortality for 
several decades. The short-term and long-term medical hazards of overweight and obesity are 
widely documented. The National Institute of Health (NIH) summarized that obesity increased 
the risk of various diseases including coronary heart disease, type 2 diabetes, cancers 
(endometrial, breast, and colon), hypertension (high blood pressure), dyslipidemia (such as high 
total cholesterol or high levels of triglycerides), stroke, liver and gallbladder disease, sleep apnea 
and respiratory problems, osteoarthritis (a degeneration of cartilage and its underlying bone 
within a joint) and gynecological problems (abnormal menses, infertility) (NIH and NHLBI 
1998). The WHO warned that diseases related to excess weight included type II diabetes 
(diabetes mellitus), ischaemic heart disease, stroke, hypertensive heart disease, osteoarthritis, and 
cancers of the postmenopausal breast, colon, endometrium and kidney (James, Ackson-Leach, 
and Mhurchu 2004). Recent research found that obesity was the sixth most important risk factor 
contributing to the overall burden of disease worldwide (Haslam and James 2005). For instance, 
some cardiovascular diseases might be due to a combination of smoking, physical inactivity, and 
inadequate intake of fruits and vegetables, acting partly through obesity and obesity related 
issues including cholesterol, and blood pressure (Ezzati et al. 2002). A recent study confirmed 
that the prevalence of diabetes increased with weight and the rate was higher in people with a 
BMI higher than 25 (the increase rate was 4.5%, 7.6%, 12.8%, and 18.5% among persons with a 
BMI of <18.5, 18.5 to 24.9, 25.0 to 29.9, and ≥30.0 respectively) (Yang et al. 2010).  
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The awareness of the link between obesity and mortality is longstanding. In fact, obese 
people are at a considerably higher risk of mortality. Earlier evidence suggested that minimum 
mortality occurred at a weight at least 10% below the U.S. average (Manson et al. 1987). Later, 
researchers found there existed age and racial difference in the association between obesity and 
mortality. Stevens et al. showed that greater BMI was associated with higher mortality from all 
causes and from cardiovascular disease in men and women up to 75 years of age, whereas the 
relative risk associated with greater BMI declined with age (Stevens et al. 1998). Calle and 
colleagues (1999) found that the risk of all-cause mortality, cardiovascular disease, cancer, and 
other diseases increased with moderate and severe overweight for both sexes in all age groups, 
but the risk associated with a high body-mass index was greater for whites than for blacks. More 
recent studies showed that excess body weight during midlife including overweight, was 
associated with an increased risk of death (Adams et al. 2006). 
2.2.2 Economic Burdens  
In addition to health risks, the economic burden related to obesity is tremendous. Given 
its prevalence, health and economic costs, obesity has become a significant public health issue in 
the United States, and has attracted much attention from media, researchers, policy makers and 
educators. Before 2000, the direct costs of inactivity and obesity accounted for some 9.4% of the 
national health care expenditures in the U.S. (Colditz 1999). A study based on nationally 
representative data showed that aggregate overweight and obesity attributable medical 
expenditures for the U.S. accounted for 9.1% of total annual national medical expenditures in 
1998, which might be as high as $78.5 billion. Approximately half of these costs were paid by 
Medicaid and Medicare (Finkelstein et al. 2003). Another study showed state-level estimates of 
total, Medicare and Medicaid obesity attributable medical expenditures. The study reported that 
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annual U.S. obesity-attributable medical expenditures were estimated at $75 billion in 2003 
dollars, and approximately one-half of these expenditures were financed by Medicare and 
Medicaid. State-level estimates ranged from $87 million in Wyoming to $7.7 billion in 
California. Obesity-attributable Medicare estimates ranged from $15 million in Wyoming to $1.7 
billion in California, and Medicaid estimates range from $23 million in Wyoming to $3.5 billion 
in New York State (Finkelstein et al. 2004). With these huge costs of obesity to the country, 
obesity was not merely a personal medical condition, but also a social and economic problem.  
Such huge economic costs related to obesity was not only found in the U.S., but also in 
other industrial societies. In Canada, the economic burden of obesity was as high as $4.3 billion 
in 2001, of which $1.6 billion was spent on direct costs and $2.7 billion on indirect costs 
(Katzmarzyk and Janssen 2004). In the UK, it was estimated that the direct costs of overweight 
and obesity to the National Health Service (NHS) was £3.2 billion, and other estimates of the 
costs of obesity ranged between £480 million in 1998 and £1.1 billion in 2004 (Allender and 
Rayner 2007). The LIPGENE project reported that in 2002, obesity prevalance exceeded 20% 
for both adult men and women inhalf of the fifteen member states of the European Union. 
Estimated costs for the fifteen member states was as high as 32.8 billion Euro dollars (Fry and 
Finley 2005).  
The economic burden of overweight and obesity was also an urgent issue for developing 
countries. For example, in China and India, there was a rapid increase in the costs and prevalence 
of diseases related to the nutrition transition (Popkin et al. 2001). With such economic burdens 
from obesity, social and public health initiatives are required to address the increasing prevalence 
of overweight and obesity in order to reduce associated healthcare costs and alleviate social 
burdens. 
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 2.3 DETERMINANTS OF OBESITY  
Obesity determinants exist on both micro and macro levels. Patterns and distribution of 
obesity cannot be fully explained by individual biological and behavioral factors. This section 
not only reviews biological determinants but also behavioral and social determinants and obesity. 
Social determinants of obesity are a broad term including socio-demographic background, SES, 
built environment that are associated with people’s bodyweight. As obesity continues to attract 
attention, researchers have moved beyond the individual-level to the macro context. The 
approach of studying social determinants of obesity examines the potential determinants 
occurring at individual, macro and multiple levels, and identifies the social patterning of body 
weight. This section provides a brief overview on patterns of determinants of obesity. The 
concrete literature review will be provided in the next chapters. 
2.3.1 Biological Determinants of Obesity 
The individual-level biological and behavioral determinants of obesity are mainly 
documented in medical sciences, as strong evidence has shown complex interplay between 
genetic susceptibility and behavior, primarily related to dietary habits and physical activity 
(Adams and Schoenborn 2006; Loos and Bouchard 2003; Schoenborn et al. 2004; Trayhurn 
2005).  
From the perspective of genetic predisposition, genetic differences played an important 
role in the etiology of human obesity phenotypes and had major health and metabolic 
implications (Bouchard 1994). The major factors involved in obesity seemed to be dietary and 
physical activity habits, affected by susceptibility genes that in turn might influence energy 
expenditure, fuel metabolism, and muscle fiber function and appetite or food preferences. 
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(Martinez 2000). Although genetic explanation of obesity revealed an important dimension of 
the mechanism, the increasing prevalence of obesity cannot be explained exclusively by changes 
in the gene pool.  
2.3.2 Behavioral Determinants of Obesity 
Behavioral determinants of obesity may be conditioned by either genetic or social factors. 
They are believed to be important proximate factors in obesity, and are taken as the pathway of 
distal social determinants in affecting the obesity outcome.  
The role of specific behavioral factors that increased the risk of obesity has long been 
recognized. A major theory is the imbalance of “energy-in” (dietary intake) and “energy out” 
(physical activity). Studies of basic physiology under standardized conditions and controlled 
intervention revealed a simple fact: weight was only gained when energy intake exceeded energy 
needs for a prolonged period (Jebb et al. 1996). 
A number of dietary risk factors were postulated including diets with a high energy 
density, high consumption of sugar-sweetened beverages, large portion sizes and eating patterns 
(Rennie et al. 2005). Much evidence indicated that an increased risk of obesity was related to 
diets high in dietary fat or low in fiber. In addition to the nutrient or food based determinants of 
obesity, evidence showed that specific foods including nuts, dairy, sugar-rich drinks, alcohol 
increased risk of obesity (Jebb 2007).  
Extensive epidemiological research has revealed the role of physical activity in obesity 
the past few decades. High levels of sedentary behavior and low levels of physical activity were 
found to be key risk factors for obesity, according to early works of children’s body weight 
studies (Bruch 1940; Johnson et al. 1956) and coronary heart disease (Morris and Crawford 
1958). Physical inactivity was found to be an important contributing factor in all-age obesity, 
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especially childhood obesity. It was reported by many studies, which focused on patterns and 
trends of physical activity in weight control, and the designs of study varied from ecological to 
cross-sectional and prospective cohort studies (Trost et al. 2001). Greater physical activity helps 
to maintain a healthy body weight, especially in the present, when excess caloric intake of 
modern food system could easily result in positive energy balance, and modern lifestyle has 
become increasingly sedentary.  
Despite the efforts of identifying behavioral factors of obesity in health literature, 
limitations of this approach are apparent. As Hu et al. (2008) suggested, although diet is 
generally believed to be important in weight control, there is no “magic bullet” diet for 
preventing obesity, and the effects of physical activity are generally modest. At least, effects of 
specific dietary factors remained elusive. The existing literature is not sufficient to support that 
altering macronutrient composition has a substantial impact on long-term weight control and any 
single dietary factor is unlikely to have a large effect on body weight. Likewise, more physical 
activity alone does not completely prevent weight gain, and the optimal amount of exercise 
needed is still unclear. 
Cigarette smoking is a major behavioral factor associated with obesity and overweight. 
Smokers usually have lower BMIs than non-smokers (Compton et al. 2006; Johansson and 
Sundquist 1999). Nicotine affects body weight through changes of digestive mechanism and 
quitting smoking could cause weight gain (Schwid et al. 1992). Alcohol consumption is another 
major behavioral factor linked with body weight. Studies have suggested that calories from 
alcohol would also increase total energy intake besides calories from other sources, and the 
finding was alike for both sexes. Nonetheless, the association between alcoholic beverage intake 
and BMI varies across gender and cannot be explained by the type of alcoholic beverage 
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consumption (Colditz et al. 1991). A recent study found that drinking frequency was inversely 
associated with changes in waist circumference in women and was unassociated with changes in 
waist circumference in men (Tolstrup et al. 2008).  
2.3.3 Socio-demographic Determinants of Obesity   
Obesity prevalence varies considerably by socio-demographic characteristics, which are a 
major dimension of social determinants of obesity. Studies have found that ethnicity, sex, marital 
status and age are factors influencing overweight and obesity, in adults (Gallagher et al. 1996; 
Ogden et al. 2006) as well as in children and adolescents (Wang and Zhang 2006).  
People usually gain weight throughout the aging process; the most substantial weight 
gain occurs during the middle age (Bennett et al. 2008), and the obesity-related excess mortality 
declined with age at all levels of obesity (Bender et al. 1999; Thorpe and Ferraro 2004). The 
mechanism may be biological: as people age, the metabolism of energy input and output changes 
so that people gain weight easily. Sex differences are important in obesity prevalence. In the U.S., 
NHANES data from 1999-2008 showed that among the U.S. adults, obesity prevalence in 
women was 3% higher than that in men (Flegal, Carroll, Ogden, and Curtin 2010). After 
adjusting for age, gender specific obesity patterns were also found among the populations in 
childhood, midlife and elder adulthood (Lofgren et al. 2002) Such gender effects were usually 
explained by cultural and psychological mechanism (Trost et al. 2002). 
Some studies considered the role of marital status in weight gain. Married individuals had 
higher BMIs than those who were never married (Pilote et al. 2007). According to the Role 
Theory, a marital causation model could be a potential mechanism that people in the marital role 
were more likely to be obese (Lipowicz et al. 2002). However, marital status effect could differ 
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in different populations. In America, the marital role appeared to influence obesity among men, 
but not women (Sobal et al. 1992).  
Racial or ethnic disparities in obesity are most obvious when examined by age and 
gender. For example, approximately 30% of non-Hispanic white adults were obese, so were 45.0% 
of non-Hispanic black adults and 36.8% of Mexican Americans. Among adults aged 20 to 39 
years, 28.5% were obese while 36.8% of adults aged 40 to 59 years and 31.0% of those aged 60 
years or older were obese in 2003-2004 (Ogden et al. 2006). Hence sex, age, and ethnicity should 
be taken into account in interpreting BMI disparities (Beydoun and Wang 2009; Norgan 1994; 
Wang and Beydoun 2007). Immigration status was also a considerable indicator. Studies on 
Latino and Asian Americans (Lauderdale and Rathouz 2000) showed that BMI varied by nativity 
(foreign- vs. native-born), with lower obesity prevalence among immigrants compared to native-
born residents.  
2.3.4 Socioeconomic Status and Obesity 
There has been increasing evidence that the socioeconomic status (SES) is associated 
with obesity. Sobal and Stunkard (1989) reviewed 144 published studies from 1960s to 1980s on 
the association between SES and obesity in both developed and developing world. They reported 
a consistently inverse SES-obesity association for women in developed countries, but 
inconsistent relationship among men and children in developed countries. In developing 
countries, a strong positive SES-obesity association was observed consistently for women, men, 
and children. Since 1990, more studies investigated the association between individual SES and 
overweight or obesity. In America, as in other developed nations in Europe, the inverse SES-
obesity link is almost established: obesity rates are higher among minority and other 
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disadvantaged groups, and low income neighborhoods (Chang and Lauderdale 2005; Robert and 
Reither 2004; Schoenborn et al. 2004).  
Recently, McLaren (2007) reviewed a total of 333 published studies, representing 1,914 
primarily cross-sectional associations on SES effects on obesity. The author found that from 
more developed countries to less developed countries, the proportion of studies claiming a 
positive SES-obesity association increased, and the proportion of studies claiming a negative 
SES-obesity association among both sexes. Moreover, different SES indicators were related to 
obesity in different directions. In highly developed countries, education and occupation were 
found to be most common indicators contributing to the inverse SES-obesity association. In 
developing countries, income and material possessions were most common indicators in the 
positive SES-obesity association. Differences between women from developed and developing 
countries were generally less striking than those of men. McLaren suggested globalization might 
be the interpretation.  
2.3.5 Contextual Determinants of Obesity 
“Contextual” means those factors external to individual that work either in addition to, or 
interacting with individual factors (Macintyre and Ellaway 2003b). Contextual determinants of 
obesity may be traced back to discussions on contextual determinants of general health. In the 
past decades, especially since the publication of Wilson’s The Truly Disadvantaged: The Inner 
City, the Underclass, and Public Policy (Wilson 1987), there has been a resurgence of interest in 
the contextual determinants of morbidity and mortality (Diez Roux 2001; Kaplan et al. 1996; 
Krieger and Fee 1996; Stafford and Marmot 2003). These macro-social contextual factors 
usually included prevalence of income inequality at the national, state or community level, as 
well as neighborhood characteristics such as neighborhood socioeconomic status (SES) or 
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position (SEP)/neighborhood deprivation, residents’ access to health and social services, 
neighborhood safety, social networks and psychosocial factors.  
Specifically with regard to obesity, there are two types of contextual determinants: The 
food environment (food production and marketing) and the residential environment (including 
contextual economic structure, neighborhood environment). The food environment has been 
studied widely in the U.S., producing good, albeit mostly cross-sectional, evidence for 
neighborhood level environmental influence on diet and obesity (Cummins and Macintyre 2006). 
Many cross-sectional investigations in the western nations showed that living in a more deprived 
neighborhood might be associated with a higher likelihood of being obese (Goodman et al. 2003; 
Janssen et al. 2006; Mujahid et al. 2005; Robert and Reither 2004), and some further showed that 
the association varied by age, gender, race/ethnicity and individual income (Diez-Roux et al. 
1999; Ecob and Macintyre 2000).  
Growing scholarly attention has been paid to identifying the constitution of obesogenic 
environment for obesity intervention (Egger and Swinburn 1997). As previously reviewed, the 
surprisingly rapid increase of obesity around the globe in the past few decades cannot be 
explained by individual-level factors alone. The idea of contextual determinants of obesity, 
attempting to better understand obesity within the obesogenic environment, has been proposed 
for obesity research and intervention. Changing “obesogenic” environment is recognized as a 
critical step toward reducing obesity, and it would require major changes to reverse the factors 
leading to increased caloric consumption and reduced physical activity (Caballero 2007). 
 A major conceptual framework on contextual determinants of obesity is called the 
Analysis Grid for Environment Linked to Obesity (ANGELO) (Swinburn et al. 1999). ANGELO 
has a 2 by 4 grid which dissects the obesogenic environment at two levels (micro-environment 
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and macro-environment) and four types (physical, economic, political, and socio-cultural) of 
environment. The ANGELO framework is a flexible tool for identifying the obesogenic 
environment. Neighborhood environment, shopping facilities, fast food restaurants may be the 
non-health sector features of local area that link neighborhood residential context to obesity, 
while local, modifiable determinants affect obesity through physical activity and diet (Stafford et 
al. 2007).  
More recently, a loosely defined term “urban sprawl,” characterized by the urbanization 
consequences in the life style, was believed to increase obesity rates by limiting physical activity 
and consumption of more energy-dense food (Ewing et al. 2008; Lopez 2004). In addition, 
neighborhood safety, which was associated with physical activity, was also suggested to be a 
contextual determinant of obesity, especially for children and women (Burdette and Whitaker 
2005; Morland et al. 2002).  
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CHAPTER 3:  
OBESITY TREND IN CHINA 
 
China provides an intriguing case for studying the effects of SES and income inequality on 
obesity for a number of reasons as reviewed in Chapter 1. There are three basic facts about 
obesity in China: First, obesity coexists with under-nutrition in different SES groups and socio-
demographic subgroups, often referred to “the double burden of malnutrition”. Second, obesity 
and overweight population has increased dramatically over the past several decades, paralleling 
China’s economic growth. Finally, as China’s huge size of population amplifies every obesity 
consequence and its vast and diverse geographic areas, studies of obesity are characterized by an 
inherent multi-level nature. Thus, in order to identify determinants of obesity in China, it is 
important to understand China’s social and cultural context, and to understand its economic 
development and inequality. In this chapter, I review the obesity trends in China within the 
country’s context, and briefly discuss existing explanations for overweight and obesity in China.  
 
3.1 CHINA’S CONTEXT 
Rapid economic development and inequality throughout China impact on the obesogenic 
environment on both macro and micro levels, leading to profound changes in nutrition and 
lifestyles, which in turn have fueled the obesity epidemic in China. Hence it is important to relate 
the social and economic context to obesity trends in China. I first review the development and 
disparities in China, and the cultural perceptions of body weight. These are essential 
backgrounds in understanding China’s obesity trends. 
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3.1.1 Development and Disparities 
Since the economic reform in 1977, China has experienced fast gross domestic products 
(GDP) growth, increasing income inequality, deepening urban-rural income gap overall and 
between different regions. China was acclaimed for its economic development (Holz 2008; Tang 
et al. 2008), but its inequality in income distribution across different regions continued to be a 
burning issue. Between China’s reform period from 1978 to 2004, its Gini coefficient increased 
by 50% (from around 0.30 to 0.45) (Luo and Zhu 2008). Such a rate of increase was 
unprecedented in the world (World Bank 2005b). Decomposition of data from China Statistical 
Yearbook, the major data source for calculating the Gini coefficient in China, reported that the 
national Gini ratio of 2006 was 1.52 times higher than that of 1978 (Chen 2010). Figure 5 depicts 
income inequality in China over the period (1978 to 2004). As shown in the figure, the Gini 
coefficient increased steadily from 1982 to 1994 and after a short decline, increased again from 
1996 to 2004. The urban to rural income ratio changes in the same way as the Gini coefficient. 
The coastal to inland GDP per capital ratio increased in a steady way from 1986 to 2004, 
indicating growing regional economic disparities.  
The rural-urban and inland-coastal disparities are two major patterns of domestic 
inequality in China in the post-reform period, paralleling fast economic growth and increasing 
income gap. According to the World Bank, China’s rural–urban disparity accounted for over 
40% of the increase in inequality between 1985 and 1995 (World 1997). The disparities were 
partly due to the institutional legacies of China, such as policy designs that favored the industrial 
development in urban cities and the human capital related to the household registration system 
(Hukou). The rural-urban income differences declined in initial years of the reform, largely 
because the successful rural reforms quickly promoted farmers’ earnings. Yet the decline was 
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short-lived and was followed by a steady increase in the rural-urban disparity starting in 1985, 
according to a study conducted by the China’s State Statistical Bureau (Yang 2002). The urban-
rural income inequality had a profound effect on health care accessibility, which resulted in the 
lack of health insurance and pensions in rural areas (Shi 1993). A recent study has found that the 
urban-rural income inequality had negatively affected overall economic well-being, allocative 
efficiency, and local growth welfare (Lu 2002).  
The regional disparity in income inequality, also known as the inland-coastal spatial 
inequality, is another major pattern of inequality in China. Official statistics and a large number 
of literature reported provincial differences in growth rates from 1978 to recent years (Démurger 
et al. 2002a; Fan and Sun 2008; Fujita and Hu 2001; Kanbur and Zhang 2005). In general, 
coastal provinces experienced a higher growth rate in per capita GDP than inland provinces and 
mountainous provinces. Measured by provincial per capita GDP, the regional disparity among 
the 30 provinces of China diminished as reforms progressed between 1978 and1990; then it 
started to widen again (Ying 1999). Policy researchers found that fiscal decentralization and 
trade liberalization affected regional inequality in a systematic manner (Kanbur and Zhang 
2001). Economists suggested that international trade and foreign direct investment were main 
driving forces behind regional disparity. Coastal regions had inherent competitive advantages 
such as lower labor costs, better infrastructure facilities, favorable geographic locations, and 
national industrial policies (Zhang 2001). In addition, geographic factors were statistically 
significant in explaining the regional disparity in China (Bao et al. 2002). However, preferential 
policies upon the coastal provinces were more crucial. For example, all coastal areas were 
granted the open policy in the late 1980s well ahead of the inland areas (Démurger et al. 2002b).  
33 
 
3.1.2 Social and Cultural View of Body Weight in China 
Social and cultural beliefs about weight can be related to people’s behavior and weight 
intervention. In the Western society, social-cultural and psychological motivators for a healthy 
weight include the social value of attractiveness, the strong correlation between attractiveness 
and perceived fitness, the interrelation among attractiveness, a good body image, and feelings of 
self-esteem, and the relation among pressures to succeed in the appearance- and work-related 
domains (Rodin 1993). Study showed that weight-based stigmatization were common among the 
obese people in America and obese individuals were characterized by such stereotype as being 
ugly, stupid, mean, sloppy, lazy, dishonest, worried, sad, self-indulgent, unlikable, and 
emotionally impaired (Crandall 1994; Friedman et al. 2005; Latner and Stunkard 2003).  
In Chinese history, however, being physically full-figured or even plump was once 
regarded as desirable and attractive, especially in the Tang dynasty (618–907). Plumpness was 
even associated with abundance, status, and wealth as a cultural heritage. In the daily life, widely 
used indigenous expressions claimed the link between heavy body and wealth/prosperity. There 
are perhaps more euphemisms for fat in the Chinese language than in the English language. 
Words and expressions such as “full and round, well-developed” (Feng Yu), “wealthy figure” 
(Fu Tai), “being free of care and being plump” (Xin Kuan Ti Pan) showed the positive meanings 
of greater body weight in relation to prosperity or well-being. Such cultural settings might justify 
that being overweight, even obese, may be a sign of prestige. Those on the higher income and 
wealth rank in society, or those with power and prestige, are often depicted by rounded bodies in 
mass media. This is quite different from Western society’s intense preoccupation with 
appearance and slimness, wealth and health.   
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According to a comparative study of anorexia among Chinese patients, in Chinese 
culture, female plumpness was regarded as desirable and attractive (Lee et al. 1993). Previous 
studies on obesity in China suggested that there was a belief in China that excess body fat 
represented health and prosperity (Wu 2006), and that traditional Chinese culture even conceived 
greater body weight as associated with higher social status (Chen and Meltzer 2008). In a study 
on Hong Kong children’s body image discrepancies, researchers found that, in contrast to the 
Western research, objective and subjective indexes of body fat were unrelated to global self-
esteem and slightly positively related to health self-concept. In addition, researchers suggested 
stronger Chinese cultural values in acceptance of obesity than in the Western culture (Marsh et 
al. 2007). 
Obesity or overweight was a foreign concept in China in the days when the masses were 
still threatened by hunger and malnutrition. Shortly after 1949, the foundation of the PRC, 
China’s economy was not rehabilitated from war times, and food production was insufficient. 
The majority of the Chinese had daily diet characterized by low calories and insufficient 
nutrition. Nation-wide political events including the Great Leap Forward from 1957 to 1962 and 
the Cultural Revolution from 1966 to 1976 devastated the economy and resulted in massive 
hunger. For example, during the so-called “Three Years of Natural Disasters,” also known as the 
“Three Bitter Years” or “Great Chinese Famine” from 1958 to 1961, massive famine spread over 
the nation and millions of people starved to death. Under- nutrition was so wide spread in China 
that no known records showed any increase of obesity or overweight. In the post-Cultural 
Revolution period, and shortly after the economic reform, physical plumpness was still far from 
most people’s lives; many people were still underweight, especially in the less developed rural 
areas. It is not until recent years that obesity in China has emerged as a public health issue.  
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In summary, the considerable economic and social changes have brought about profound 
consequences in economic and social disparities that in turn affected people’s lifestyles. Within 
such a context, obesity in China emerges as a health concern inherently related to economic and 
social disparities, and is complicated by the social and cultural views of body weight. 
 
3.2 ASIANS BMI CUT-OFF DEBATES 
 Universal BMI cut-off points for overweight and obesity have been questioned for their 
appropriateness in comparing the obesity prevalence between ethnic groups. There is growing 
evidence supporting the necessity for lower BMI cut-offs for Asian populations on overweight 
and obesity. A meta-analysis showed that the relationship between percent body fat and BMI 
was different among ethnic groups; hence the definitions of BMI cut-off points for obesity 
should be population-specific (Deurenberg et al. 1998). Studies also found that obesity cut-offs 
based on BMI were dependent on demographic background (Gallagher et al. 1996). For the same 
BMI, Asian populations had a body fat 3-5% higher compared to Caucasians (Deurenberg, 
Deurenberg-Yap, and Guricci 2002). Excess cardiovascular morbidity at upper “normal” BMI 
range was reported for Asian populations including Hong Kong, Korea, Singapore, Japan, and 
Taiwan. Consequently, researchers suggested that the BMI limits should be about 1–2 units 
lower for the diagnosis of overweight in Asian populations (Misra 2003).  
There were heated debates on where to draw the obesity cut-off line for Asian 
populations (James et al. 2002; Japan and Obesity 2002; Misra 2003; Pan et al. 2004; WHO 
2004). As an active response to “drawing the new line,” the WHO Western Pacific Regional 
Office, International Association for the Study of Obesity (IASO) and the International Obesity 
Task Force (IOTF) collaborated in creating new recommendations for BMI cut-offs for adults in 
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the Asian and Pacific region (WHO et al. 2000). They agreed on a new set of standards: BMI 
values less than 18.5 kg/m2 for underweight, equal to or above 23.0 kg/m2 for overweight, and 
equal to or above 25.0 kg/m2 for obesity. Later, the WHO Expert Consultation confirmed that the 
proportion of Asian people with a high risk of type 2 diabetes and cardiovascular disease, 
although varied, was substantial at BMIs lower than the existing WHO cut-off point for 
overweight (25 kg/m2) (WHO 2004). The WHO consolation made no attempt to redefine cut-off 
points for each population separately, but identified further potential public health action points 
(23.0, 27.5, 32.5, and 37.5 kg/m2) along the continuum of BMI. In addition, the WHO 
consolation proposed methods by which countries could make decisions about the definitions of 
increased risk for their population. It was recommended that countries should use all categories 
(i.e. 18.5, 23, 25, 27.5, 30, 32. 5, 35, 37.5 and 40 kg/m2) for reporting purposes and facilitating 
international comparisons (WHO 2004). In this dissertation, based on both WHO guidelines and 
previous studies, I define obese people in the adult Chinese population as those with BMIs equal 
to or above 25.0 kg/m2.  
 
3.3 OBESITY TRENDS IN CHINA 
3.3.1 Overall Population 
Along with the common observation that obesity prevalence continues to increase rapidly 
in the Western world, obesity rate increased noticeably in China over the past three decades. A 
meta-analysis based on nationally representative data between 1992 China National Nutrition 
Survey and 2002 China National Nutrition and Health Survey showed that the prevalence of 
overweight and obesity in China increased in all gender and age groups and in all geographic 
areas. The overall rate of combined overweight and obesity increased from 14.6 to 21.8% based 
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on the WHO BMI cut-offs, and 20.0% to 29.9% based on the Asian BMI cut-offs (Wang et al. 
2007b). During the same period, the average weight among adults aged 20-70 years increased by 
3.2 kg for urban men, 3.0 kg for rural men, 1.6 kg for urban women and 2.9 kg for rural women 
(Yang et al. 2005b). 
Similar increments were recorded by other studies. In 1989, only 9.8% of the urban and 
6.9% of the rural population as overweight and over 80% of the population was in the normal 
BMI range (Ge et al. 1994). During the 1990s, overweight and obesity rate increased 
tremendously in China with the mean BMI increased from 21.8 kg/m2 to 23.4 kg/m2 among men 
and from 21.8 kg/m2 to 23.5 kg/m2 among women (Wildman et al. 2008). In 2002, 14.7% of 
Chinese were overweight and a further 2.6% were obese, using standard BMI cut-offs (Wu 
2006). In 2010, 38.5% of those aged 15 or above had a BMI of 25 kg/m2, while 45% of Chinese 
males and 32% of Chinese females were classified as overweight or obese (Patterson 2011). This 
is a sharp increase from previous statistics. Not only adults (Wang et al. 2007b), but also 
adolescents and children experienced a rapid increase in obesity and overweight. In 1982, 1992 
and 2002, overweight prevalence in Chinese adolescents and children was 1.2%, 3.7% and 4.4%, 
and obesity prevalence was 0.2%, 0.9% and 0.9% respectively (Li et al. 2008). Figure 6 shows 
the trends of prevalence in overweight and obesity from 1992 to 2002 for all ages, and by sex 
and region. While the number increased over this period, males and urban residents had sharper 
increases than females and rural residents. As shown in the figure, the increase of overweight 
and obesity prevalence from 1992 to 2002 was impressive in both sex groups and in both rural 
and urban groups. The highest rate of increase was observed among urban males and rural 
females. In 2002, the prevalence of overweight and obesity in urban males reached a high of 
34.2%, almost approaching those of developed countries.  
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Although the obese rate in China is much lower compared to that in the U.S. and Western 
Europe, nowadays, the record high rate brings millions of overweight and obese citizens to China 
each year. As reported by the 2002 Chinese National Nutrition and Health Survey, the number of 
overweight and obese population in China reached 300,000,000. Among Chinese adults aged 18 
and over, 22.8% were in the BMI ≥25.0 kg/m2 category and 7.1% were in the BMI ≥30.0 kg/m2 
category (CCDPC 2006). The National Center for Chronic and Non-communicable Disease 
Control and Prevention (NCNCD) in China reported a combined overweight and obese 
population of 0.1 billion in 2002. In 2005, over 90 million Chinese people were obese, and the 
number is expected to exceed 200 million by 2015 (People's Daily Online 2005).  
Similar to the Western nations, the economic burden of overweight and obesity in China 
is high. The overweight and obese related economic costs represented 4% to- 8% of the China’s 
economy (Popkin 2008). In 2003, the total medical costs attributable to overweight and obesity 
were estimated at as high as 21.11 billion yuan (approximately $2.74 billion). This accounted for 
25.5% of the total medical costs of major chronic diseases in China, and 3.7% of national total 
medical costs (Zhao et al. 2008).  
3.3.2 Variations in Subgroups  
Considerable variations of overweight and obese prevalence were found across age, 
gender, and regional subgroups in China. From 1992 to 2002, annual increase rate was the 
highest in men aged 18–44 years and women aged 45–59 years (approximately 1.6% and 1.0% 
points, respectively) (Li et al. 2008). Obesity rates are higher for males than females. From 1989 
to 2000, a sex-specific BMI dynamics among the Chinese adult population illustrated higher 
combined overweight and obesity prevalence increase in men than women: a 13.7% increase 
among men and a 7.9% increase among women. BMI increases mainly occurred among women 
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of 35-45 years, and among men in all age groups (Wang et al. 2007a). In 2005, the prevalence of 
combined childhood overweight and obesity in China reached 32.5% for boys and 17.6% for 
girls in northern coastal cities, almost approaching that of developed countries (Zhang et al. 
2007).  
Mainland China has thirty-one provinces, autonomous regions and municipal cities 
characterized by huge geographical and economic diversity. Uneven obesity rates are found 
across regions. According to data from International Collaborative Study of Cardiovascular 
Disease in Asia (InterASIA), a nationally representative sample of 15,540 Chinese adults aged 
35–74 years, overweight and obesity are higher in northern than in southern China, and in urban 
than in rural regions (Gu et al. 2005). A study of Qingdao, the capital city of Shandong Province 
in eastern China, reported a high overweight rate of 42.61% and obesity rate of 25.06% in 2008 
(Xue et al. 2008).According to a case study of Shenyang, the capital city of Liaoning Province in 
northeastern China, there was an overweight prevalence of 19.3% and obesity prevalence of 
33.4% based on the Asian adult BMI cut offs. With such an unusual high prevalence, several 
important risk factors such as unhealthy diet, sedentary lifestyle and insufficient health 
knowledge were identified (Zhang 2007). The regional disparity of obesity and overweight 
prevalence may be best illustrated by the 2002 Chinese National Nutrition and Health Survey, 
which found the highest prevalence of overweight in Beijing and Bohai coast regions, followed 
by northern regions of China, and the lowest in southern regions. Figure 7 shows the distribution 
of adults’ mean BMI by regions based on statistics from the 2002 Chinese National Nutrition and 
Health Survey. The darker color indicates a higher mean BMI in the region, from 20.00 kg/m2 to 
over 30.00 kg/m2. Beijing, Tianjin, Hebei and Shandong have the highest mean BMI among all 
regions of China.  
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Obesity prevalence and the increment were higher in urban China than in rural China (Li 
et al. 2008). The rural population suffered less than the urban population from the obesity 
epidemic. Zhang et al reported 18.6% prevalence of overweight and 1.7% prevalence of obesity 
in a cross-sectional survey conducted in 2004–2005 in rural Liaoning Province, China. The 
number was much lower than what was found in urban areas (Zhang et al. 2007). Still, the 
absolute number of overweight and obese population, even in rural areas, was alarming. For 
example, in rural area of Tianjin, China, 22.5% of the 2.6 million rural population were 
overweight or obese (Tian et al. 2009). Similar patterns of obesity were found among adolescents 
and children. In a cross-sectional study of twelve middle schools sampled from both urban and 
rural areas of Zhejiang Province in Eastern China, disparities in economic development were 
associated with different nutritional status of adolescents. Mean BMI was significantly higher in 
urban compared with rural areas. Urban residence was an important risk factor for overweight 
and increased the risk by eight times than rural residence (Hesketh et al. 2002). In a study of 
9,356 children aged 4-16 years in Guangzhou, Shanghai, Jinan and Haerbin, researchers found 
that childhood obesity prevalence was higher in Northeast China, urban regions and high income 
families (Ma et al. 2002).  
 
3.4 EXISTING EXPLANATIONS OF OBESITY SURGE IN CHINA 
As overweight and obesity become an important public health problem in China, studies 
have found potential links between obesity and globalization, urbanization and changing 
lifestyles (Popkin 1999; Popkin 2001; Wang 2001). So far, the explanations of the obesity surge 
in China have mainly been proposed by nutritionists and epidemiologists, with the mechanism 
mainly focusing on dietary factors and physical activity factors causing weight gains. A main 
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body of literature ascribed the nutrition transition in developing nations to be the major cause of 
the obesity epidemic. Nutrition transition, first proposed by Omran (1971), focuses on shifts of 
dietary and physical activity patterns that may link to nutritional outcomes including changes in 
body composition. Studies have used the conceptual framework of nutrition transition as the 
mechanism causing the obesity surge in Chinese population (Du et al. 2002; Popkin 2008).  
Dietary changes are a major cause of obesity in China. The Western diet, which usually 
contains higher saturated fat, sugar, refined foods and lower fiber than traditional Chinese diet, is 
followed by developing countries during their nutrition transition, hence is attributable to 
increasing prevalence of obesity in developing countries including China (Caballero and Popkin 
2003). China’s nutrition transition is mostly reflected by the dramatic changes in its dietary 
structure, which has shifted from high-carbohydrate foods toward high fat, high-energy density 
foods. From 1991 to 2004, average consumption of all animal foods except milk increased, while 
cereal intake decreased. The proportion of animal protein and fat in the daily dietary structure 
also increased (Zhai et al. 2009). Nonetheless, nutrient overconsumption and deficiencies 
coexisted in various regions. As reported by the Chinese National Nutrition and Health Survey in 
2002, daily mean percentages of calories from total fat were 35% in urban and 27.5% in rural 
areas; the rural diet was more beneficial to a healthy weight, and significant rural/urban 
disparities in dietary components existed (Li et al. 2005).    
In addition to dietary changes, decreased physical activity during the nutrition transition 
has also played an important role in burgeoning obesity prevalence in China. Study reported that 
between 1991 and 2006, average weekly physical activity among adults in China decreased by 
32%, which was closely related to obesity and overweight increase (Ng et al. 2009). This 
decrease in physical activity was observed because Chinese people experienced a shift from 
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high-energy expenditure occupations (such as farming, mining, and forestry) towards the service 
sector. This shift resulted in reduced energy expenditures in the working environment (Popkin 
2003). In a case study of adult overweight and obesity in the Qingdao City of Shandong 
Province, it was found that physical activity was an important protective factor on overweight 
and obesity in both urban and suburb areas (Xue et al. 2008).  
However, nutrition transition and decreased physical activity are associated with more 
proximate diet and activity factors attributable to obesity; nutrition transition and decreased 
physical activity are also influenced by social determinants of obesity. As reviewed in Chapter 2, 
the social determinants including individual SES and contextual neighborhood environment have 
profound impacts on shaping the obesogenic environment and its accessibility. How these social 
determinants are contributing to obesity in China, individually and conjunctively is unknown. To 
better understand the patterns of obesity in different population subgroups and regions of China, 
this dissertation attempts to investigate the effects of social determinants of obesity with 
reference to the existing conceptual frameworks in social studies of health described in the next 
chapter.  
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CHAPTER 4:  
CONCEPTUAL FRAMEWORKS IN SOCIAL STUDIES OF HEALTH  
 
Because the obesity epidemic and its determinants lie in the social world, it is important to have 
a sound theoretical framework from social science in order to better understand obesity. 
Regrettably, current research on obesity is insufficient to the extent that theoretical frameworks 
are used. By contrast, substantial interest in social determinants of health is long-standing in 
multi-disciplines such as sociology, epidemiology, demography, economics, and psychology. 
Since obesity is a public health concern and a risk factor for several chronic diseases, the 
theoretical perspectives used to study social determinants of health can be applied to obesity 
studies. Therefore, I turn to the theories of health studies as the theoretical basis in this 
dissertation.  
 
4.1 THEORETICAL PERSPECTIVES ON HEALTH STUDIES 
As summarized in the introductory chapter, research on social determinants of health 
inequalities could be organized into two traditions. One could be referred to as the 
socioeconomic characteristics that contributed to the health status, and the other could be 
referred to as the contextual characteristics that focus on income inequalities. In this section, I 
review the two traditions of theoretical perspectives of health studies in social science.  
4.1.1 Roots in Classic Social Theories  
Health inequities are reflections of social circumstances. Both traditions have their roots 
in classic social theory. On one hand, classic social theory provides a multifaceted theoretical 
toolkit for the modern research on health and mortality among different SES groups (Fernando 
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2009; Krieger 2000; Krieger 2001; Susser 1974). For example, Max Weber’s concept of formal 
rationality and ideas about lifestyles (Weber 1978 [1921]) informed modern discussion on health 
(Cockerham et al. 1993; Prior 2003). Karl Marx’s conflict theory shed light on studies of health 
and health care (Alaszewski and Manthorpe 1995). Durkheim (1877)’s study about social 
integration, alienation and anomie in relation to suicide as well as how social integration and 
cohesion influence mortality profoundly impacted the research on the social dynamics’ function 
in individual health. This tradition reemerged with great relevance recently in epidemiology that 
one’s health resulted from social factors such as SES and social support (Berkman et al. 2000; 
Link and Phelan 1995).  
On the other hand, income inequality and health study tradition echoed with the 
discipline of sociology’s defining claim: Individuals were situated within and responded to the 
social context. Such idea may be found in Marx’s work in political economy (1846) and 
assumptions about the importance of the larger social framework, in Durkheim’s insight of 
“social facts,” and in Merton’s work on communities, relative deprivation (Merton 1938) and 
social comparison theory (1968). The tradition of studying the health effects of the relative 
income extended back to the early works of Karl Marx (1847) in his relative deprivation 
statement, to Veblen’s notion on the relative income (Veblen 1934), and to Duesenberry (1949)’s 
statement on the relative income hypothesis. Specifically, the British sociologist Runciman 
(1966) highlighted both the context of comparison and the group to which the comparison was 
made in his theory of relative deprivation and social justice.  
4.1.2 SES and Health  
 SES is a term to describe the combined economic and social distinction among 
individuals, and is a proxy of social class in social stratification literature. Although SES was 
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used interchangeably with social class in health inequality literature, I use SES for consistency in 
this dissertation. The investigation of SES in relation to health is long-standing (Antonovsky 
1967; Link et al. 1998). This tradition, shared by sociologists, demographers, economists, and 
epidemiologists, studies the effect of socioeconomic disparities on health outcomes with the 
focus on individuals rather than populations (Braveman and Tarimo 2002; Feinstein 1993; 
Rogers et al. 2000). This tradition focuses on how SES shapes one’s exposures to multiple 
biomedical, environmental, and psychosocial risk factors for health.  
Several mechanisms of SES effects on health have been proposed. First, individual health 
behavior (such as smoking, alcohol intake, physical exercises) and psychological characteristics 
(such as depression, stress and hostility) are two major mechanism linking SES to health (Adler 
et al. 1994). Secondly, Kawachi et al. suggested that social networks and social support were the 
pathway that SES affected one’s health (Kawachi and Berkman 2001; Steinbach 1992). In 
addition, social and economic residential context may influence the SES–health gradient in 
complex ways (Robert 1999a). For example, indirect pathways of SES disparities affecting 
health outcomes included environmental exposures, social environment, health care, and social 
policy (Adler and Newman 2002).  
Pathways and mechanism may vary at different life stages and across generations, as well 
as change by social and economic context (House, Kessler, and Herzog 1990; Link and Phelan 
1995). For example, research with a life course perspective recognized “the long arm of 
childhood” that social class gradients in adulthood health and mortality had their antecedents in 
childhood (Blackwell et al. 2001; Hayward and Gorman 2004). The causality between SES and 
health may be bi-directional: one is a positive association between SES and health, while the 
other is a selection or “drift” processes where poor health is the cause of low SES. The elevated 
46 
 
rates of illness among low SES populations may be a consequence of their low socioeconomic 
circumstances (Williams and Collins 1995). The three components of SES (education, income 
and occupation), although highly related, can influence health through different pathways with 
different patterns. I review them as follows: 
4.1.2.1 Education  
Educational attainment is widely used as the primary socioeconomic indicator (Liberatos, 
Link et al. 1988; Preston and Taubman 1994). Higher educational attainment is generally related 
to better health and longer lives (Mirowsky and Ross 2003; Winkleby et al. 1992). Education is 
the single SES indicator that most consistently exhibits a significant association with various 
measures of health, such as life expectancies, morbidity, and mortality and with the timing of 
disease onset (Elo 2009). The major mechanism of how education influences health focuses on 
the cumulative advantage/disadvantage over the life course, which is a theory originated from 
social gerontology (Mirowsky and Ross 2005). These cumulating resources included economic 
resources (such as income and employment) that could affect quality of care, psychological 
resources that could affect self-efficacy and social support, and lifestyle resources that affect 
discretionary exercise, nutrition, alcohol consumption, or smoking behavior which in turn, result 
in greater education-related disparity in health in later life (Mirowsky and Ross 2003). For 
example, Ross and Wu studied a national probability sample of U.S. households from 1979 to 
1990 and found that high educational attainment not only improved health directly, but also 
improved health indirectly through work and economic conditions, social-psychological 
resources, and health lifestyle (Ross and Wu 1995). In addition, the gap in health among people 
with high and low educational attainment increased with aging process (Ross and Wu 1996). 
Besides the cumulative advantage argument of education effect on health, it has also been 
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proposed that education may protect against disease by influencing problem-solving abilities and 
values (Winkleby, Jatulis, Frank, and Fortmann 1992). 
4.1.2.2 Occupational Status 
Occupational status, which has been a major topic to sociological studies, is related to 
health and well-being (Ross and Mirowsky 1995). In sociology, there are two major approaches 
for conceptualization and measurement of occupational status. First, it is the subjective 
occupational prestige, which is aggregated from perceived, collective belief of worthiness and 
status of an occupation. The prestige is the “desirability” of rewards associated with an 
occupation. such as the Duncan SEI Scale of Occupational Status (Blau and Duncan 1967). 
Second, it is the objective social class positions based on social relationships, such as Erikson-
Goldthorpe social class index (Erikson and Goldthorpe 1987). Sociological inquiry of occupation 
effects on health has mainly focused on the health outcomes of prestige and status rankings of 
occupations across race, sex and countries (Ganzeboom and Treiman 1996; Treiman 1977). In 
addition, social epidemiological inquiry of occupational health has focused on physical, 
environmental risk factors (such as toxic substances exposures) in the workplace and its relation 
to poor health outcomes (Suruda and Wallace 1996). Social epidemiologist and psychologists 
also study the psychological and psychosocial aspects of the workplace (such as workplace 
social support) that influence health outcomes (Ettner and Grzywacz 2001).  
There are two major mechanisms that occupational status is related to health: 
Occupations set individuals in a social structure that defines access to resources and constraints 
related to health and mortality (Moore and Hayward 1990). Different job characteristics of 
demands and rewards can influence health, such as physical hazards or psychological stress in 
work place, and job-related lifestyles that can influence health (House et al. 1979). Nonetheless, 
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the causal mechanism underlying the occupation-health association is not well established. 
Comparisons of occupational status effects on health across time and in different sex and race 
groups may be problematic (Marmot 2005). To get a precise assessment, occupation status 
effects on health are usually studied together with education and wealth.  
4.1.2.3 Income and Wealth 
Income and wealth are both dimensions of SES that reflect material well-being, but they 
are very different concepts. Income is often estimated by monetary terms, whereas wealth is 
usually estimated by material asset such as home ownership and housing conditions. Most 
studies find that both income and wealth are positively associated with health. Those with lower 
income are at higher risk of morbidity and mortality. Since it is problematic to compare wealth 
across time and in different countries, income is more widely used than wealth as the economic 
proxy of SES. 
In social science studies, income was the most commonly investigated dimension of SES 
in health studies (Subramanian et al. 2002; Zimmer and House 2003). Significant associations 
have been found between income and various measures of health and mortality, and the different 
measures resulted in different strength of the association (Elo and Preston 1996; McDonough 
and Berglund 2003). Income has been associated with the ability to purchase health-contingent 
resources and coping with health problems. Earning a higher income or possessing greater 
wealth could mean provide better nutrition, housing, and recreation and less psychological stress, 
all of which are related to better health (Adler and Newman 2002). Of note, the robust income-
health association was not linear but quadratic (Feinstein 1993). Income effects on health are 
more pronounced at the lower end of the income distribution (Deaton 2002). The mechanism of 
income affecting health usually involves other dimensions of SES, for example, the effect of 
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income was dependent on education (Schnittker 2004). The direction of income-health 
association has been contentious. Researchers in public health and sociology interpreted it as a 
casual from income to health while economists disagree and more interested in the health-
income causal link (Elo 2009). 
4.1.2.4 Summary 
Overall, classic social theory suggests wealth, education and occupation to be three major 
dimensions of SES and stratification. Over the past 50 years, the resurgence of interests in SES 
has found SES gradients in health. Individual proxies of single SES support relations between 
SES and health, but each of them has limitations (Oakes and Rossi 2003). For example, wealth 
and income could fall short of the non-material asset part of SES such as social and human 
capital. Education attainment, a major human capital indicator, inadequately measures SES 
because it does not directly reflect material asset. Occupation status fails to consider those whose 
jobs could not be fit into the occupational structure. It is therefore important to consider material, 
social and human capital together and develop an integrated picture of SES effects on health. 
4.1.3 Income inequality and Health 
To disentangle the health effects of SES, the second tradition cares about how the 
ecological income inequality is associated with health. The defining idea is that the degree of 
income inequality matters for health, over and above the income alone. This tradition has been 
shared among economists, demographers and public health scholars in their examination of 
health outcomes of inequalities, across time and geographical areas (e.g. neighborhood, county, 
state, and nation). Most research of this tradition has focused on ecological levels, ranging from 
cross-national comparison to inter-state or neighborhood levels. Recently, multilevel study 
designs have gained popularity. 
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Ecological association between income inequality and life expectancy was first studied in 
the 1970s. Rodgers (1979) reported that income distribution was consistently and strongly 
related to mortality: “in a relatively un-egalitarian country, life expectancy may be between five 
and ten years lower than in a more egalitarian country”. Since then, a large number of studies 
reported the relationship between income inequality and health. The attention of income 
inequality effects on health arose when many developed nations experienced a sharp rise of 
income inequality during the past three decades (Subramanian and Kawachi 2004). A majority of 
publications by Wilkinson and colleagues exemplified that health outcomes, especially in a 
population, were effects of income inequality, or what they sometimes termed as “socioeconomic 
inequality” (Wilkinson 1998; Wilkinson 1996). Besides, several systematic review articles 
reexamined a large number of original studies on whether income inequality was associated with 
a prevalence of health burdens in society; they agreed that inequality increased the burden that 
lead to poor health (Lynch et al. 2004b; Wilkinson and Pickett 2006).  
The way that income inequality affects population health may be explained from several 
perspectives. Unequal societies were likely to have bigger problems related to low social status; 
inequality itself was socially corrosive; psychosocial factors associated with low status could 
affect health partly through direct physiological effect of chronic stress and health related 
behavior (Marmot 1999; Marmot 2005; Marmot and Feeney 1997; Wilkinson 1992; Wilkinson 
1997; Wilkinson and Pickett 2006; Wilkinson 1997). Recently, key debates of mechanism 
focused on “contextual” versus “compositional” effects of income inequality: Some argued that 
it was a contextual effect of income inequality on health, while others supported a compositional 
effect of poor individuals residing in unequal communities (Kawachi 2000). No consensus has 
been reached yet. It was not clear whether and how much of the relationship between population 
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mortality and income inequality was a statistical artifact of the concave relation between 
individual income and health (Fiscella and Franks 1997b; Gravelle 1998; Gravelle et al. 2002; 
Lynch et al. 2004b). Opponents of the concavity argument suggested an independent contextual 
income inequality effects on health (Wagstaff and Doorslaer 2000), also termed as the 
“pollution” effect of income inequality on health (Subramanian and Kawachi 2004). 
Of note, however, research interests on health effects of neighborhood SES and 
neighborhood income inequality are quantitatively different, although they both shed light on the 
contextual characteristics rather than the individual factors. The former was concerned about the 
size of the pie, or “the problem of development,” and the latter was concerned about how the pie 
is sliced, or “the problem of equity.”   
4.1.4 Major Income Related Hypotheses   
            As mentioned in the introductory Chapter, prior debates from social studies of health can 
be summarized by three competing hypotheses on the relationship between income and health: 
The absolute income hypothesis, the relative income hypothesis, and the income inequality 
hypothesis. The absolute income hypothesis is from the first study tradition focusing on SES 
effects on health, while the relative income hypothesis and the income inequality hypothesis are 
from the second study tradition focusing on inequality effects on health. Now I review these 
three key income hypotheses in detail.  
4.1.4.1 The Absolute Income Hypothesis 
The absolute income hypothesis suggests that it is one’s absolute level of income that 
influences individual health, and higher income is associated with better health, regardless of 
income inequality or the relative income. The absolute income hypothesis has been reported by a 
considerable body of evidence and reemphasized by recent studies on causal effect of income 
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changes on the health satisfaction (Adler and Newman 2002; Frijters et al. 2005; Pritchett and 
Summers 1996). The robust relationship between income and health was observed in individual-
level data, regardless of the measurement of income or health (Feinstein 1993; Smith 1999). As 
protective effects of the absolute income on health were commonly reported, the absolute income 
hypothesis was less contested than other income hypotheses (Gravelle, Wildman, and Sutton 
2002). Of note, the association between the absolute income and health is not a simple linear 
type. Early studies on this showed a concave relationship between mortality and income. The 
marginal income effect on a person’s health decreased as the absolute income increased (Preston 
1975; Rodgers 1979).  
4.1.4.2 The Relative Income Hypothesis 
The relative income hypothesis (also known as the Wilkinson hypothesis or the weak 
version of the income inequality hypothesis) suggests that it is one’s relative rather than the 
absolute income that matters for health conditions and that a low relative income is a health 
hazard (Marmot et al. 1991; Wilkinson 1996, 1997, 1998). The concept of the relative income 
depends on income relative to average incomes of one or more reference groups (Deaton 2003; 
2001). However, literature is divided on the definition of reference group: a nation, a state, a 
county or a neighborhood – any of these can be a reference group. A birth cohort could also be a 
reference group. In addition, reference group can be defined according to education level, age, 
and employment status (Ada 2005; Deaton 2001).The lack of consensus about the appropriate 
reference group is a well-known problem of the relative income hypothesis (Evans et al. 
2004).On the other hand, the division of literature on the “relative” allows much more flexibility 
of measuring the relative income. To discriminate this hypothesis from the strong version of the 
income inequality hypothesis, the relative income hypothesis has alternative terms such as the 
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relative position hypothesis and the deprivation hypothesis (Wagstaff and Doorslaer 2000). The 
relative position hypothesis claims not only income but also one’s rank in the income distribution 
matters to health. Relative deprivation hypothesis suggests that one’s health is positively 
associated with income in a concave way, and the association terminates when income rises to 
the poverty line. As potential mechanism, studies found that a low relative income may be 
related to increased psychosocial stress leading to disease or poor health (Cohen et al. 1991, 
1997).  
4.1.4.3 The Income Inequality Hypothesis 
The income inequality hypothesis suggests that it is income inequality that is a health 
hazard at both individual-level and aggregate-level. While the relative income hypothesis (the 
“weak” version of the income inequality hypothesis) claimed vulnerable position of the poor in 
society on health status outcomes, this strong version of the income inequality hypothesis 
claimed that the rich people’s health suffered from high income inequality as well (Mellor and 
Milyo 2002). This association is found based on correlation study or within the regression 
frameworks using data on the aggregate-level (Wilkinson 1996) or the multilevel, which 
indicates income inequality as a harm to the health of overall population (Wilkinson and Pickett 
2007).  
Previous studies have suggested three pathways of detrimental effects of income 
inequality on health: First, income inequality is associated with disinvestments in human capital 
such as education and social services, which causes poorer health (Kaplan et al. 1996). Second, 
income inequality harms health via the erosion of social capital and social cohesion (Kawachi 
and Kennedy 1997b; Subramanian and Kawachi 2004; Wilkinson 1996). Third, income 
inequality harmed health via direct psychosocial effects of social comparisons (Kondo et al. 2008; 
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Lynch et al. 2000; Marmot and Wilkinson 2001), frustration and relative deprivations (Wilkinson 
1997 ). The latter two pathways were usually termed as the contextual effects of inequality. In 
addition, there was a policy pathway whereby income inequality may harm health through 
formulation and implementation of social policies (Subramanian and Kawachi 2004).  
 
4.2 REVIEW OF EMPIRICAL STUDIES  
Because the previous studies in the two traditions are numerous, I review the empirical 
studies not as an exhaustive attempt, but to highlight the trends and sketch the picture. 
4.2.1 SES and Health 
In the literature examining SES effects on health, SES was assessed by its single or 
combined dimensions of income, education or occupation. Many investigations only use one 
indicator of SES; few studies assess multiple SES indicators at the same time. There is both 
supportive evidence and inconsistent results.  
4.2.1.1 Supportive Evidence 
Preston was among the first to show empirical evidence between longer life expectancies 
and higher income per capita during three different decades of the 20th century (Preston 1975). 
Over recent decades, studies have shown lower SES was linked to higher risk of a wide range of 
health outcomes. These include low birth weight, cardiovascular disease, hypertension arthritis, 
diabetes, cancer, and mortality in developed countries (Winkleby, Jatulis, Frank, and Fortmann 
1992). Regardless of the measurement, a majority of empirical studies across various disciplines 
demonstrated a robust association between income and health using individual-level data (Smith 
1999; Wagstaff and Watanabe 2003). Recently, the nonlinear or curvilinear relationship between 
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income and health was acknowledged widely (Adler and Newman 2002; Deaton 2002; Lorgelly 
and Lindley 2008; Smith 1999; Wagstaff and Watanabe 2003).  
Education has been more widely recognized as a common protective factor of health than 
any other dimension of SES. Winkleby et al. studied 2,380 participants in the U.S. for the 
independent contribution of education, income and occupation to a set of cardiovascular disease 
risk factors; they found that the SES-health association was strongest and most consistent for 
education, with higher health risk linked to lower education levels. Education was the only SES 
measure that was significantly associated with the risk factors in a forward selection model that 
allowed for inclusion of all three SES measures after adjustment for age and time of survey 
(Winkleby, Jatulis, Frank, and Fortmann 1992). Education’s protective effect on health was 
equally applicable to men and to women, and to the employed, the retired, and the unemployed 
(Lauderdale 2001). Education was found to have an independent effect on determining weight in 
the general population of Geneva, Switzerland (Galobardes et al. 2000).  
In England and other European countries, there is a long history of nationwide 
occupational studies on work related risks to health. The Registrar General’s decennial 
supplement for England and Wales has published statistics and reports on occupation and health 
since 1837. Compared with England, the U.S. studies on morbidity and mortality and their trends 
in workers were in a smaller scope. Recently, the U.S. National Health Interview Survey (NHIS) 
has been used for nationally-representative estimates on a wide range of health status utilization 
measures for working population. High-status occupations protect individuals from the risks of 
disease (Wilcock 1998; Wilcock 2007). Lee et al. studied occupation and lung cancer mortality 
using NHIS data and reported the importance of occupational exposure to lung carcinogens 
among 143,863 workers (Lee et al. 2006). Many social epidemiologic studies on rates of 
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mortality and morbidity focused on particular industries or groups of workers, such as chemical 
workers, construction workers, etc (Robinson et al. 1995; Suruda and Wallace 1996). There have 
been few studies generalizable to the U.S. working population as a whole, because of the 
difficulty obtaining an appropriate sample.   
Most studies on the SES gradient in health have been completed in the Western world, 
but increasing evidence shows SES gradient in the non-Western world. For example, in Japan, 
those who lived in rural areas were significantly more likely to use the less costly public periodic 
health examinations, while those more educated and wealthy were significantly more likely to 
use private periodic health examinations (Kwon et al. 2009). In India, based on the 1998–1999 
Indian National Family Health Survey, indigenous Indian peoples in the bottom quintile of the 
wealth distribution had 1.61 times the mortality risk of those in the top fifth quintile 
(Subramanian et al. 2006). In Thailand, based on a survey of 14,000 Thais aged 50 and older, 
positive association between SES and health was found, similar to the common observation of 
Western populations (Zimmer and Amornsirisomboon 2001). Studies in China will be reviewed 
in Chapter 5. 
4.2.1.2 Inconsistent Evidence 
In general, research towards SES effects on health has reached consensus about a positive 
association between SES and health. However, inconsistent evidence on the SES effects on 
health may be due to the differences in the SES indicators examined, health indicators examined, 
study populations and analytic methods used and analytical levels considered. As Oakes and 
Rossi clearly pointed out, the lack of conceptual clarity and the bypassing of standard 
psychometric techniques have retarded SES measurement (Oakes and Rossi 2003). Since SES 
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has several dimensions as education, income, wealth and occupation, certain SES dimensions 
may be more sensitive markers for health in some population subgroups than others.  
Different measurement of health outcomes, subgroups variation and different stages of life 
course may also produce inconsistent evidence. Studies have found that subgroups based on 
different characteristics (including age, sex, educational level, marital status, race and ethnicity) 
show different patterns and sizes of SES-health association (Acevedo-Garcia et al. 2007; Badia 
et al. 1999; Kimbro et al. 2008).  
The debates were centered around the meaning, measurement and extent of SES inequity 
on health among individuals and across social groups. There were varied subgroup findings and 
inconsistent results between and within countries, and over time (Mackenbach and Kunst 1997; 
Murray et al. 1999; Wagstaff 1991). Matthews et al. studied longitudinal data from the British 
1958 birth cohort study and concluded that the magnitude and explanations for SES-health 
associations in men and women varied according to life stage and health measures (Matthews et 
al. 1999). In a pooled study comparing the SES effects on chronic diseases in eight European 
countries, the size and pattern of socioeconomic differences in disease prevalence varied 
considerably; no socioeconomic differences were found evident for cancer, kidney diseases, or 
skin diseases (Dalstra et al. 2005).  
The existence of the neighborhood SES effects on health has been challenged (Robert 
1999b). Although it is widely observed that community SES affects health in one way or another, 
researchers disagree whether the community SES is associated with the health status of 
community residents, over and above the individual SES. Robert found that one’s health was 
only slightly associated with SES characteristics of the community over and above one’s own 
income, education, and asset. Instead, individual-level and family-level SES indicators were 
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stronger predictors of health than community-level SES indicators (Robert 1998). Marmot et al. 
(1998) reported similar findings that after controlling for individual-level variables such as age, 
race, and education, the neighborhood poverty/unemployment index was only modestly 
associated with self-rated health for both genders, and with obesity among women but not men. 
The effects were smaller than for individual-level variables such as household income and 
parental education. In addition, the effect of community SES on health varied between rich and 
poor residents. Living in a deprived neighborhood negatively affected poor individuals more 
than the rich, possibly because they were more dependent on collective resources in the 
neighborhood (Stafford and Marmot 2003). 
4.2.2 Income inequality and Health Disparities   
At the individual-level, researchers not only recognize the effect of individual income 
(and other SES measures) on health, but also examine the hypothesis that the relative income 
may be a more powerful predictor of health outcomes than individual income (Deaton 2001; 
Eibner and Evans 2005). Rodgers was the first to assess the income inequality hypothesis on 
population health; he found that income distribution was consistently and strongly related to 
infant mortality (Rodgers 1979). At the aggregate-level, since the early 1990s, increasing studies 
have shown the extent of income inequality in a society as negatively associated with the 
population life expectancy and health status (Wilkinson 1992; 1997; 1996). Recently, studies of 
this topic used either aggregate-ecological designs or multilevel analysis of unlinked census and 
health data to examine area variation in health between communities (Turrell et al. 2007) 
4.2.2.1 Supportive Evidence 
The income inequality hypothesis has been supported by aggregate data repeatedly at the 
level of countries, across-states and counties, and cities within countries. Health outcomes 
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include many aggregate measures such as average life expectancy and mortality. The unequal 
societies with a higher income inequality were less healthy (Wilkinson 1996), and evidence 
exists in health outcomes of morbidity, mortality, obesity, teenage birth rates, mental illness, 
homicide, and low trust (Kawachi and Kennedy 1997; Lynch et al. 2004a; 2004b; Wilkinson and 
Pickett 2006). Aggregate-level data analyses used either Pearson correlation coefficients or the 
non-parametric Spearman rank-correlations and produced similar results (Wilkinson and Pickett 
2006). In a study using the BRFSS data, income inequliaty had a significant, deleterious effect 
on self-rated health in the U.S. (Kennedy et al. 1998). A recent study of 22 European countries 
reported variation across Europe in the magnitude of inequalities in health associated with 
socioeconomic inequality, and the magnitude is larger than 10 years ago (Mackenbach et al. 
2008). A meta-analysis of multilevel studies also reported a modest adverse effect of income 
inequality on health (Kondo et al2009). Besides the evidence from more devleoped world, there 
was supportive evidence from developing countries. Researchers found in developing countries 
such as Chile that more unequal communities were associated with a greater probability of 
reporting poor health (Subramanian et al. 2003). 
4.2.2.2 Inconsistent Evidence 
The effect of income inequality on health in various settings was reported, interpreted and 
challenged. The consistency and robustness of effects of income inequality on health have been 
contested (Ellison 2002; Kawachi and Blakely 2001; Subramanian and Kawachi 2004; 
Wilkinson 1997 ). Research of this topic proliferated since the 1990s without reaching a 
consensus. Judge examined more recent data on income inequality of several OECD member 
countries (the data used by Wilkinson) but found no significant effect of income inequality on 
life expectancy (Judge 1995). Discrepancies in understanding income inequality come from three 
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sources: Data limitations, measurement of income inequality and geographic unit of analysis 
(McCall and Percheski 2010). Critics of the ecological association of income inequality and 
aggregate measures of health may be summarized both methodologically and empirically.  
Methodologically, the relationship between income distribution and health might be a 
statistical artifact of curvilinear individual-level relationships between income and health, hence 
suffering from ecologic fallacy (Fiscella and Franks 1997a; Gravelle, Wildman, and Sutton 
2002). In addition, measuring inequalities on the basis of small area data was methodologically 
inappropriate for the income inequality hypothesis (Goldman 1994; Wolfson and Rowe 2001). 
Recently, Wilkinson and Pickett (2006) argued that income inequality measured in relatively 
small areas could not reflect the hierarchy of a society, hence weakening the effectiveness of the 
income inequality hypothesis.  
Empirically, the argument of “better health in more equal societies” has been challenged 
by its inconsistency throughout most of the industrialized world. In the U.S. and U.K., many 
ecological and multilevel studies supported the income inequality hypothesis (Lynch et al. 2004a; 
2004b; Macinko et al. 2003; Subramanian and Kawachi 2004; Wilkinson and Pickett 2006; 
Wilkinson 1997). However, no significant associations were detected in the countries with 
relatively egalitarian income distribution such as Denmark (Osler et al. 2002), Sweden 
(Gerdtham and Johannesson 2004), or Finland (Böckerman et al. 2009). Besides, even in the U.S. 
and U.K., a few studies found income inequality immaterial for health outcomes, at least in some 
subgroups. Mellor and Milyo (2002) using the U.S. Current Population Survey, reported no 
association between income inequality and individual health status after controlling for 
individual covariates, year effects, and geographic characteristics. Wildman examined income 
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related inequalities in mental health in Great Britain and found that relative deprivation is an 
important contributor for women but not for men (Wildman 2003).  
 
4.3 REMAINING ISSUES  
Several issues remain in the ensuing discussion of the three major income-related 
hypotheses in the two traditions. First of all, the causality of the SES-health or inequality-health 
relationships is not established. Secondly, the appropriate level of studies continues to generate 
controversies. The inferences from aggregate-level studies have been challenged due to the 
problem of ecological fallacy. At the aggregate-level, it is difficult to discriminate the effects of 
income or income inequality on health. A growing body of literature has been shifting from 
aggregate-level studies to multilevel research since the 1990s. Even multilevel studies examining 
the relationship between income inequality and health produced mixed results: Some reported a 
residual effect of income inequality on health even after taking account of the relationship 
between individual income and health, but others did not. Further, the relevance of income and 
income inequality effects on health in non-Western countries are limited, because most studies 
were done in industrialized countries. In the next chapter, I use recent survey data from China to 
study the BMI and obesity within adults in an explicit multilevel conceptual framework. This 
multilevel approach is necessary, because bringing the two traditions about social determinants 
of health inequalities together, our understanding of patterns of health inequalities requires 
investigation of both individual-level characteristics and macro-level determinants within 
specific social circumstances. 
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CHAPTER 5: 
MULTILEVEL ANALYSES OF OBESITY IN CHINA 
 
This chapter aims at developing an explicit multilevel investigation to understand the effects of 
individual-SES, relative deprivation and macro-level social context on obesity among Chinese 
adults. In the previous chapter, I have reviewed literature on theoretical perspectives of health 
studies in the social science and major hypotheses, and summarized the supportive vs. 
inconsistent evidence in the general health outcome both in the developed and developing world. 
In this Chapter, I first review literature of obesity in the discourse of two health study traditions 
(5.1). Then, in 5.2, I cast the study of health outcomes of SES and income inequality in China’s 
context, with particular focus on overweight and obesity. Based on these, I proceed with my 
conceptual model and hypotheses. In 5.3, I describe my data, sample, and measures. The 
modeling methods and analytical procedure are described in 5.4. Descriptive and analytical 
results are presented in 5.5 and 5.6. With all these, I present a detailed discussion in Chapter 6.    
 
5.1 LITERATURE on SES, INEQUALITY and OBESITY 
In the U.S., Western Europe, Canada and Australia, burgeoning social studies of obesity 
generally support an inverse SES-obesity association that higher risk of obesity exists in low 
income, less educated and minority population. An extensive review of studies on obesity in 
America published between 1990 and 2006 concluded that low-SES groups in the U.S. were at 
increased risk of obesity (Wang and Beydoun 2007). Roskam et al (2010) studied 127,018 adults 
aging from 25-44 years from 19 European countries, and found inverse educational gradients in 
overweight and obesity in most of these countries. They further reported cross-national 
differences in the strength and direction of this relationship in respect of different levels of socio-
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economic development (Roskam et al. 2010). Not only the individual SES, but also the societal 
social-economic development affects one’s weight in an inverse way. In a study of 16,695 adults 
in 10 European countries participating in the Health, Aging and Retirement Study, a higher mean 
BMI was associated with lower GDP (Peytremann-Bridevaux et al. 2007). The SES-obesity 
association varies in subgroups and over time. It is less consistent among men than among 
women (Chang and Christakis 2005; McLaren 2007; Mokdad et al. 2001; Robert and Reither 
2004; Schoenborn et al. 2004; Sobal and Stunkard 1989). Over time, studies found the latest 
trend for this inverse SES-obesity association was weakened among the high-SES individuals 
between 1971 and 2000 (Zhang and Wang 2004), especially in the most recent decade i.e. 1999-
2008 (Flegal et al. 2010). 
By contrast, studies from non-Western developing countries generally reported higher 
BMIs clustered among people of higher SES (McLaren 2007; Sobal and Stunkard 1989). 
However, studies reveal that obesity was not solely found in higher SES groups. In the cross-
national comparative setting, as one examined from less economically developed to more 
economically developed countries, an inverse SES-obesity association began to show (McLaren 
2007; Mokdad et al. 2003; Sobal and Stunkard 1989). Monteiro et al. (2004) reviewed studies 
conducted in adult populations from developing countries published between 1989 and 2003; 
they agreed that the burden of obesity in each developing country tended to shift towards lower 
SES population as the country’s gross national product (GNP) increased. In addition, a shift 
towards obesity in women with low SES occurred at an earlier stage of economic development 
than that with men (Monteiro et al. 2004b).  
Evidence supporting the income inequality hypothesis of obesity varied in different social 
environment. Two studies are based on cross-national comparisons. In Europe, an ecological 
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study of 21 developed countries (Australia, Austria, Belgium, Canada, Denmark, Finland, France, 
Germany, Greece, Ireland, Italy, Japan, Netherlands, New Zealand, Norway, Portugal, Spain, 
Sweden, Switzerland, the UK, and the USA) reported “wider income gaps are related to wider 
waistbands,” namely a positive correlation between income inequality for both males and 
females. Further, the effect of income inequality on female obesity was independent of average 
calorie intake (Pickett et al. 2005). Recently, a study assesses the relation between income 
inequality and obesity prevalence among 31 OECD countries through a series of bivariate and 
multivariate linear regressions. The authors found a consistent and positive correlation between 
income inequality and obesity prevalence overall. However, this is based on inclusion of two 
extreme cases: the United States and Mexico, which well lead OECD countries in both obesity 
prevalence and income inequality. When both cases are excluded, the associations virtually 
disappeared (Su et al. 2012). Within-country comparisons revealed similar results as the 
Wilkinson's thesis. Robert and Reither (2004) showed that community income inequality as 
measured by Gini coefficients had an independent positive association with BMI based on the 
U.S. sample. Other studies found the effect of income inequality on BMI was quite small. For 
example, the HUNT study in Norway reported only 1% of the unexplained variance was located 
on the neighborhood and municipality levels (Sund et al. 2010).  
Similar studies on association between income inequality and obesity in developing 
countries are quite limited, leaving more space for future investigation. A population-based 
multilevel study on income inequality and nutrition status in India reported a risk of being 
overweight by 9% on each standard deviation increase in state income inequality (Subramanian, 
Kawachi, and Smith 2007). In China, Ling (2009) found mixed associations between income 
inequality and overweight and obesity in her study of older adults. She found that income 
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inequality was significantly and positively associated with waistline, but significantly and 
negatively associated with overweight status; the income inequality was not significantly 
associated with obesity.  Meanwhile, Chen and Meltzer (2008) found a significant and positive 
association between the community income inequality and obesity in rural China. My study is 
based on the inconclusive association between income inequality and obesity. 
 
5.2 OBESITY IN CHINA: CONCEPTUAL MODEL AND HYPOTHESES 
Several previous national or regional studies have documented a rapid increase in the 
prevalence of obesity in the Chinese adult population and children, as reviewed in Chapter 3. 
Researchers studying obesity in China have been focused on more proximate individual risk 
factors such as dietary factors. The social determinants of obesity of the Chinese population are 
not clear. With the debates between the two traditions of health disparity studies reviewed in 
Chapter 4, I now turn to the focus of this dissertation—obesity in China—and present conceptual 
model and study hypotheses here. 
5.2.1 Studies on Health Inequalities in China 
Despite social science studies on obesity in the Western world and a few developing 
nations, similar research on obesity in China is scant (Chen and Meltzer 2008; Ling 2009). Since 
obesity is a public health concern and is a risk factor for several chronic diseases, studies of 
general health in China could shed light on the obesity studies. I now review social studies on 
health inequalities using data from China. 
There is a growing awareness among social scientists in studying the association between 
SES and health in China. Self-reported heath and mortality are the two most investigated health 
outcomes in China in conjuncture of social context and SES. Higher SES is generally positively 
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associated with better self-reported health and lower mortality. Anson and Sun attempted to 
investigate the association between SES and health by studying 10, 226 adults aged 16-60 in 
Hebei Province. They found positive education and income effects on health, which is similar to 
the observed patterns in industrial societies. The effect of occupation was less obvious: The 
health status of farmers was quite similar to that of white collar employees (Anson and Sun 
2004). Based on data from the 1998, 2000, and 2002 waves of the Chinese Longitudinal Healthy 
Longevity Survey, researchers examined the relationship between SES and mortality among the 
those 80 years and older in China: Higher SES was significantly associated with lower mortality 
risks, a relationship similar to the inverse SES-health association found in most countries (Zhu 
and Xie 2007). Wu et al. investigated gender differences in education-related health inequalities 
in rural China. They reported remarkable health inequalities favoring the higher educational 
groups, and larger education effect on health for women than men in rural China (Wu et al. 
2004).  
As China’s post-1978 reforms started to draw attention globally, since the early 1990s, a 
few studies have turned to describe consequences of unequal economic development and health 
in China (Hsiao and Liu 1996a; Shen et al. 1996; Shi 1993). Three recent studies attempted to 
picture the association between income inequality and health outcomes from a multilevel 
framework. Li and Zhu conducted a cross-sectional, multilevel examination and reported a 
nonlinear, positive association between per capita income and self-reported health status at the 
individual-level, and an inverted U-shaped association between self-reported health and income 
inequality controlling for per capita income (Li and Zhu 2006). Chen and Meltzer analyzed the 
rural sample of longitudinal data from 1993 to 2000, and reported a positive association between 
obesity and the community income inequality and community average income (Chen and 
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Meltzer 2008). However, they did not make proper exclusion to the study population (such as 
pregnant women) and did not control important covariates such as education or community 
characteristics other than income. Of note, both studies calculated income inequality within each 
community, which might not be a good scale for the stratification in a larger society. According 
to Wilkinson’s critique, a limitation of such studies is that inequality based on small populations 
could not incorporate the overall class pyramid of the society (Wilkinson and Pickett 2006). Pei 
and Rodriguez (2006) used longitudinal data from 1991 to 1997 and found an independent effect 
of the provincial income inequality increased the risk of reporting poor health, regardless of 
individual income (Pei and Rodriguez 2006). Because the matching inequality data were not 
available in CHNS, they used provincial-level Gini coefficients from a published study which 
and calculated the 10-year average (1985-1995); they did not consider other SES characteristics 
such as education at the individual-level.  
Although there are studies of SES and inequality effects on one’s health in China, it 
remains unclear how SES and inequality are associated with obesity in both rural and urban 
areas. To fill this literature gap, this chapter aims at providing empirical insights into the 
relationship between individual-SES, relative deprivation, income inequality and obesity 
spontaneously, with the presence of demographic factors and social and environmental context.  
5.2.2 Conceptual Model  
As Link and Phelan (1995) maintained, social conditions are fundamental causes of 
diseases because social factors embody access to important resources and affect multiple health 
outcomes through multiple mechanism. My model starts from the notion that Chinese adult’s risk 
of obesity is influenced by the social context within which people live. All individual-level risk 
factors are contextualized by the social conditions that put people at risk. Two important 
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questions thus emerge: What is the theoretically meaningful context for the Chinese population? 
Which characteristics of the context would be theoretically important and substantially 
intriguing? I argue that the community (in many public health studies, the community is referred 
to as the neighborhood) makes the meaningful unit for social context in exploration of social 
determinants of obesity. Community is a defining concept in sociology tracing back to the early 
years of the discipline. In social theories, pioneers studied communities in distinction between 
“mechanical” and “organic” solidarity (Durkheim 1964  [1893]), and between pre-modern 
Gemeinshaft (community) and modern Gesellschaft (society) (Tönnies 1957 [1887]). Recent 
work addressed the relevance of community in its cultural, symbolic significance of resource and 
repository of meaning and identity (Cohen 1985), or social capital (Putnam 2000). Literature on 
social studies of health has recognized the importance of community in health related studies 
(Diez Roux 2001; Hsiao 1995; Hsiao and Liu 1996b; Huie 2001). Numerous original research 
has reported that the community (or neighborhood/residential) contexts had significant predictors 
of health behaviors and health outcomes including smoking, alcoholic drinking, fertility, 
mortality, weight gain and chronic diseases (Asada 2005; Locker 1993; Pickett et al. 2005; 
Regidor 2004; Robert 1999a; Rodgers 1979; Sabanayagam et al. 2007; Singh et al. ; Smith 1989; 
Wagstaff and Doorslaer 2000; Ward et al. 2007).  
Community is the social context within which individuals lived and are exposed to risk 
factors of obesity. My data defined and surveyed community in terms of an urban neighborhood 
(Ju Wei Hui) in urban China and a village (Zi Ran Cun) in rural China. Both urban 
neighborhoods and rural villages are units of communal life for a number of residents in China. 
It is within the community that residents live, work, and study; it is from the community that its 
residents felt a sense of belonging. Therefore, community is a contextual level ideal to reflect the 
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social capital, physical environmental and culture in a particular society. Therefore, community 
would be the theoretically meaningful context for the Chinese population. In my multilevel 
framework, community-level is the macro level. To answer the second question, I argue that 
each community is a unique social space with unique demographical, social, cultural, and 
socioeconomic attributes. The characteristics of the community could not be captured by the 
individual-level data. The description of community-level variables in 5.3.3 presents the details.  
In my conceptual framework, the associations between community-level factors, 
individual-level SES and the obesity outcome are examined and interpreted in China’s macro 
socio-political-economic conditions which are unique and different from the Western world (as 
reviewed in Chapter 3. Similar to the way that SES affects health (House, Kessler, and Herzog 
1990; Williams 1990), individual SES (income, wealth, education, occupation) is related to 
demographic characteristics that are controlled for, and has direct effects on a broad array of 
individual experiences (physiological and psychological) and health behaviors, which in turn 
affect obesity. Independent from individual SES, the ecological income inequality and 
community SES are directly related to the built environment and psychosocial pathways that 
affect health (Kawachi 1999; Wagstaff and Doorslaer 2000). Between the two levels, the model 
also examines the cross-level interactions between ecological and individual-level variables. 
5.2.3 Hypotheses 
Based on theories and evidence reviewed before and the conceptual model, my 
hypotheses are as follows: 
Hypothesis 1 (the education hypothesis): Chinese adults with higher educational 
attainment are less likely to be obese.  
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This hypothesis is developed from the inverse SES-obesity association found in 
developed countries and the developing world in transition. In the Western world, relatively 
lower prevalence of obesity is found among groups with higher educational attainment. As Sobal 
(1989) and McLauren (2007) found out, in developed countries and developing countries in 
transition, higher educational attainment was related to lower risk of obesity. This is probably 
because education promotes health literacy which translates into healthy behaviors that reduces 
risk of obesity (Sobal 1991). However, education-obesity association is mixed in lower-middle-
income developing economies (Monteiro et al. 2004b). The positive education-obesity 
association was found in the developing world.  Since China is a low-income developing country 
with economic transition, and the Chinese people are experiencing the nutritional transition, it is 
reasonable to assume that people with higher educational attainment have more resources for a 
healthy lifestyle which prevents them from being obese. Hence I make the inverse education-
obesity hypothesis. 
Hypothesis 2 (the occupation hypothesis): Chinese adults in manual occupations are less 
likely to be obese.  
Very few studies have examined the relationship between occupation and obesity 
outcome. Occupation may affect obesity outcome by the intensity of physical actively inherent in 
the job statistics (Ng, Norton, and Popkin 2009). Manual workers, by their nature of work, have 
more intense physical activity than any other occupation type. Therefore, I make the above 
hypothesis.  
Hypothesis 3 (the absolute income hypothesis): Chinese adults with more income and 
household wealth are more likely to be obese.  
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Evidence from the developed world shows a very consistent inverse income-obesity link. 
However, in the developing world, studies have shown mixed results of the income-obesity 
association, which was interpreted by the complex effect of income on diet quantity and quality 
(Du et al. 2004). The major pattern is a positive SES-obesity association in the non-Western 
world. Studies have found that household income is positively associated with childhood and 
early adulthood weight status. Evidence from Cebu, Philippines suggested that increasing 
prenatal income was associated with lower risk of being underweight in early adulthood, while 
increasing income during childhood was associated with an increased risk of being overweight in 
early adulthood (Schmeer 2010).   
As reviewed in Chapter 3, China a major economic power in transition but still with a 
majority of low-income population. Which type of income-obesity association best describes the 
conditions in China? This individual income hypothesis of obesity in the Chinese population is a 
modification from the absolute income hypothesis in health. I consider both higher income and 
higher wealth as risk factors for being obese among Chinese adults. Based on previous studies 
(reviewed in Chapter 3) which report that higher mean BMI is clusetered in more economically 
developed regions and in urban areas, I make the positive income/wealth-obesity link hypothesis 
since these regions are characterized by higher absolute income.  
Hypothesis 4 (the relative income hypothesis): Chinese adults with a higher relative 
income are more likely to be obese.  
The relative income hypothesis claims that one’s risk of obesity depends on one’s relative 
income status relative to the reference group, rather than the absolute income level. It must be 
assessed controlling for the absolute income (Wagstaff and Doorslaer 2000). Studies from 
Western nations have found evidence that a low relative income, or deprivation in comparison to 
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one’s reference group, may cause poor health. However, no agreement is reached on whether and 
how the relative income affected health (Kawachi and Kennedy 1999; Marmot 2005; Mellor and 
Milyo 2002; Subramanian and Kawachi 2004; Wilkinson and Pickett 2006). There is no relative 
income hypothesis on obesity yet, but it may be generated from the relative income hypothesis 
on health. 
Very few studies have examined the relative deprivation effect on obesity in China yet. 
Studies on China have found minimal relative deprivation effects on one’s self-reported health 
(Li and Zhu 2006). My hypotheses of the relative income is derived from the wide observation 
that the high income groups in developing countries are more likely to be obese; assuming the 
relative income is independent from the absolute income in affecting health, the direction of the 
relative income effect may be the same as the absolute income.  
The first four hypotheses are concerning individual-level factors that affect obesity. 
However, the effects of contextual determinants are independent from the individual SES in 
determining obesity. The most important macro-social contextual factors includes income 
inequality (at the national, state or community level) and neighborhood characteristics such as 
neighborhood SES or position (SEP)/neighborhood deprivation. In Hypothesis 5 and 6, I study 
the community SES and income inequality.  
Hypothesis 5 (the community SES hypothesis): Chinese adults living in a more deprived 
community are less likely to be obese. 
Community SES, or individuals’ socioeconomic composition, is the most commonly 
investigated neighborhood characteristics in social context of health research (Bird et al. 2010; 
Diez Roux 2001; Fotso and Kuate-Defo 2005). Literature shows that living in communities with 
a low socioeconomic profile negatively affects one’s health-promoting attitudes and behaviors, 
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due to exposures to neighbors with low health-promoting attitudes and behaviors (Robert 
1999b). Neighborhoods SES could influence health by short-term influences on behaviors, 
attitudes, and health-care utilization, or through a longer-term process of “weathering,” whereby 
psychological stress, poor environmental quality, and limited access for health facilities eroding 
residents’ physical and mental well-being over years (Ellen et al. 2001). Similarly, community 
SES may affect one’s risk of obesity. Living in a more deprived neighborhood might be 
associated with higher likelihood of being obese in the more developed countries such as the U.S. 
(Robert and Reither 2004), Sweden (Sundquist et al. 1999), and the results might vary by race, 
age and sex. This hypothesis goes in the opposite direction as evidence found in the more 
developed world, considering the argument that obesity in China is a consequence of nutrition 
transition. A more deprived community may be less affected by the obesity epidemic through 
multiple pathways including diet, and physical environment.  
Hypothesis 6 (the income inequality hypothesis): Chinese adults are more likely to be 
obese if they live in a community with a higher level of income inequality.  
The empirical relationship between income inequality and health has generated many 
debates. Inequality is destructive to population health, as reported by Wilkinson and colleges. 
Likewise, European studies and comparison based on OECD countries suggest that living in a 
more hierarchical society with higher inequality is associated with higher risks of being obese. 
Pickett et al. attributed this association to the psychosocial impact of inequality (Pickett et al. 
2005). Similar findings of the positive inequality-BMI association at the community level are 
reported in the U.S. (Robert and Reither 2004) and in India (Subramanian et al. 2007). There 
have been very limited studies in China about the association between the regional income 
inequality and obesity, partly due to data limitation on regional Gini coefficient. As the 2002 
74 
 
Chinese National Nutrition and Health Survey reports, overall, obesity prevalence is the highest 
in Beijing and Bohai coast regions, followed by northern regions of China, and the lowest in 
southern regions (Zhuo et al. 2009). We also know that the GDP in China is higher in the coastal 
regions than the inland regions, but we are not sure about whether income inequality is more 
severe in the coastal regions than the inland regions, nor do we know the direction of income 
inequality-obesity association. Hence I propose the income inequality hypothesis on obesity in 
consistency with the mainstream literature as described above.   
 Hypothesis 7 (Cross-level interaction hypothesis): Income inequality influences risk of 
obesity less for Chinese adults with higher income. 
Hypothesis 6 is concerning the main effects of income inequality on obesity. Is it equally 
true for everybody? Does living in a more hierarchical community have the most negative health 
effects on poorer individuals? According to recent studies, income inequality effects on health 
were stronger among people with lower SES (Subramanian and Kawachi 2006). Does this apply 
to income inequality-obesity scenario? Thus far, very few studies have done research on this. To 
better assess the relationships, cross-level interaction terms between individual income/education 
and Gini coefficient are tested. Since there is evidence that income inequality hurts individuals 
with lower SES more than individuals with higher SES, I can examine whether this is true 
concerning obesity. Therefore, hypothesis 7 and 8 examine the cross-level interaction between 
income inequality and individual SES. Hypothesis 7 is based on the widely observed detrimental 
health effects of income inequality for the low income adults in society (Lynch et al. 2004b; 
Wilkinson and Pickett 2006). 
Hypothesis 8 (Cross-level interaction hypothesis): Income inequality influences obesity 
less for Chinese adults with higher educational attainment. 
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Although very few studies that examine the interaction between income inequality and 
individual education on obesity outcome, there are common observations on association between 
lack of education and poor health, and stronger detrimental income inequality effects on health 
for lower SES groups. As education is an important dimension of SES, Hypothesis 8 tests 
whether there is a detrimental effect of income inequality for the less educated adults so that the 
less educated are at a higher risk of obesity. 
 
5.3 DATA, STUDY SAMPLE AND MEASUREMENTS 
Combining aggregate data (such as census data) and individual data (such as individual-
level survey data) is a common approach to understand the effects of individual and area-level 
factors on population health (Jackson et al. 2008). This dissertation uses multiple data sets and 
combined data from two sources: China Health and Nutrition Survey (CHNS) and China General 
Social Survey (CGSS). 
5.3.1 Data Introduction  
CHNS data 
The individual- and community-level data used in this dissertation are drawn from 2006 
wave of CHNS. This wave is chosen because many relevant variables are only available in 2004 
and 2006 waves of CHNS; in addition, the 2006 CGSS is the single matching data set that fits 
the research scenario of this study. 
Starting from 1989, CHNS is an ongoing longitudinal survey. It is designed for studying 
the effects- across space and time- of social change and economic transformation in affecting the 
health and nutritional status of the Chinese population. Therefore, it covers not only 
demographic, social and economic factors at multilevel, but also key public health risk factors 
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and health outcomes. The project was collaborated between the Carolina Population Center 
(CPC-UNC) and the National Institute of Nutrition and Food Safety at the Chinese Center for 
Disease Control and Prevention (CCDCP). The survey is not designed to be representative of 
China, but randomly selected to reflect the broad array of economic and demographic 
circumstances that matter for public health topics. The study population was drawn from nine 
provinces: Guangxi, Guizhou, Heilongjiang, Henan, Hubei, Hunan, Jiangsu, Liaoning, and 
Shandong. The surveyed provinces are shown in Figure 8. 
The data were collected from a multistage, random cluster sample surveyed in each of the 
provinces. Within each province, counties were stratified by income (low, middle and high), and 
four counties were selected randomly though a weighted sampling scheme. The provincial 
capital and lower-income cities were selected. Villages and townships in the counties and urban 
and suburban neighborhoods in the cities were selected randomly. The urban community was a 
neighborhood committee (Ju Wei Hui), with a mean population slightly over 3,000, and the rural 
community was a village (Zi Ran Cun) with a mean population of slightly less than 3,800 (Chen 
and Meltzer 2008). In each community, 20 households were randomly selected and all household 
members were interviewed. There were no sampling weights in CHNS data (Popkin et al. 2009). 
The CHNS community questionnaire, which collects information from a knowledgeable 
respondent, such as the official head of the specific community, was filled out for each of the 
primary sampling units. CHNS surveyed a broad array of community backgrounds (such as total 
population, community areas, number of households, typical daily wage), community 
infrastructure and facilities (such as water, transport, electricity, transportation infrastructure, 
traditional and modern markets, educational services), and services (such as communications 
services and organizations, fast food restaurants availability, recreational facilities, health care 
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facilities, medical insurance). The household questionnaire was filled out by the household head. 
The adult individual questionnaire was filled out by each individual in household.  
The response rates are complex due to the survey design. CHNS sampled 15,927 
individuals initially in 1989 and followed them in subsequent waves. Participants who left in one 
survey year may have moved back in a later year. From 1997, new participants were recruited as 
replenishment samples if a community has less than 20 households or if participants have formed 
a new household or separated from their family into a new housing unit. Heilongjiang Province 
was added in 1997 to replace Liaoning Province and stayed in the survey ever since. In 2006, 
CHNS sampled 18,764 individuals. The household sampled increased from 4,020 in 1989 to 
4,467 in 2006. The plot below shows the CHNS response rates of participants from 1989-2006 
based on published data from Popkin and colleagues (Popkin, Du, Zhai, and Zhang 2009). From 
published data, I present CHNS response rates at the individual-level, 1989-2006 as shown in 
Figure 9.  
CHNS’s response rate was 88% at the individual-level based on those who participated in 
previous survey rounds and remained in the current 2006 survey. Alternatively, based on those 
who participated in 1989 and remained in the last round in 2006, the response rate was 63%. The 
complex response rates will not affect my dissertation which is based on cross-sectional data. 
CGSS 
For macro-level inequality measures, I drew income data and demographic data from the 
Chinese General Social Survey (CGSS) which was an on-going national survey of China’s 
households. The annual or biannual CGSS was collaborated by Renmin University of China and 
Hong Kong University of Science and Technology starting from 2003. The survey’s aim was to 
monitor systematically the social structure and quality of life in urban and rural areas. The data 
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sets were available in 2003 (surveyed in rural China only), 2005, 2006 and 2008 waves, with the 
sampling methods and participants varied from year to year. The data covered a representative 
sample of adult Chinese citizens including all of the 9 provinces in CHNS.  
To stay consistent with CHNS 2006, I chose CGSS 2006 and derived income inequality 
measure for the 9 CHNS provinces. CGSS 2006 sampled over 10,000 residents from 28 
provinces or provincial-level cities including 22 provinces, 4 autonomous regions, and 4 central-
government designated municipalities, i.e. Beijing, Tianjin, Shanghai, and Chongqing. Each 
metropolitan city in China was composed of residential districts. Based on China's Fifth 
Population Census in 2000, CGSS 2006 used a stratified, unequal probability sampling of four 
stages (county, town, and community and household). The primary sampling units (PSUs) were 
“districts” and “counties” (including county-level municipalities).The secondary sampling units 
(SSUs) were townships, town seats and city sub-districts (streets).The third sampling units 
(TSUs) were neighborhood committees (Ju Wei Hui) in towns and cities and village committees 
(Cun Wei Hui) in the countryside. Households were the ultimate sampling units and only one 
eligible adult household member was selected to be the survey respondent. Each respondent was 
assigned a weight variable. In summary, a total of 125 PSUs were sampled. The ratio of the 
urban sample size to the rural sample size was 5900:4100. Participants of this survey were 
investigated for their annual household income and sources, household size, residence and other 
social indicators. However, the health-related measures were not available in CGSS 2006.  
5.3.2 Study Sample 
Individual- and household- levels of CHNS data are free and open to the public, whereas 
community-level of data are disclosed only through UNC’s formal reviews of user’s application. 
The usage of community-level of data in this dissertation was officially approved in July 2010.  
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My first-cut sample is restricted to a total of 11,742 participants in CHNS 2006 which 
included nine provinces and 218 primary sampling units: 36 urban neighborhoods, 37 suburban 
neighborhoods, 37 towns and 108 villages. For the purpose of my research, necessary exclusion 
procedures have been completed to form the second-cut CHNS sample. I first excluded the 
children and adolescents (N=1,954), and restricted the sample to 9,788 adults aged 18 and older. 
I also excluded pregnant women (N=52) because the pregnant women’s BMI was not a valid 
measure for obesity. Then, I checked the distribution of each variable of interest and confirmed 
that the type of non-response for education and income were item non-response (i.e. information 
is missing on some variables for some persons). I recoded respondents who answered “refuse to 
answer” and “do not know” to key variables as missing. I checked percentage of missing on each 
variable and on each subject, correlation between variables, and patterns of missing values. The 
probability of education and household net income’s missing were unrelated to the missing 
values of the variable itself or other variables. With the assumption of Missing Completely at 
Random (MCAR), I used listwise deletion for the randomly distributed missing education and 
income data from my sample. A total of 120 individuals with missing responses in household net 
income and further 30 individuals with missing in education levels were excluded. With this 
second-cut sample, I combined provincial inequality data derived from CGSS 2006. The total 
study sample included 9,586 adults, of which 4,583 were males and 5,003 were females. The 
rural and urban samples of individuals were 6,599 and 2,987 respectively. There were 73 urban 
communities 135 rural communities. 
Figure 10 shows the schematic of data combination and analysis sample selection.  
I first selected the individual-level data from the ID file, education file, marriage file, etc. and 
sorted them by the household ID. Then, I merged the individual files based on the household ID 
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and the individual ID, so that I could derive BMI and individual-level SES and demographic 
variables. I created the first-cut CHNS sample by merging community-level of data with 
individual-level data based on the community ID. With this first-cut sample, I created the 
second-cut CHNS sample by a series of exclusions based on age criteria, non-pregnancy at the 
time of the survey, and proper treatment of missing answers on key questions. Finally, I 
calculated income inequality measure for each of the nine provinces based on the CGSS 2006. 
Using province names as an index, I combined income inequality data from CGSS 2006 with the 
multilevel second-cut CHNS sample and created the final sample for this dissertation.  
5.3.3 Measures 
The outcome variables are BMI and obesity. Individual-level exposure and covariates 
include age, gender, marital status, education, occupation, equivalized household net income, 
household wealth, the relative income, smoking, and alcohol consumption. Preliminary analyses 
show that one’s obesity status is not clustered within certain households, so the household level 
is not taken as a separate level in the analysis. Community-level exposure and covariates include 
community mean education, urbanicity index as an indicator for urbanization, rural/urban 
indicator and Gini coefficient. The variable measures are described in Table 3.  
5.3.3.1 Dependent Variables 
BMI: BMI is the dependent variable in multilevel regression analysis. It is calculated 
from weight (in kilograms) by height (in meters) squared. Both weight and height were measured 
by standardized techniques and equipment in CHNS. Weight was measured in light, indoor 
clothing and recorded to the nearest tenth of a kilogram with a beam balance scale (Popkin 
2004). Height was measured without shoes using a portable stadiometer and recorded to the 
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nearest tenth of a centimeter. This approach could avoid the inaccuracy inherent in self-reported 
height and weight. 
Obesity: Whether a Chinese adult is obese is the dependent variable in multilevel logistic 
regression analysis. As shown in Chapter 2, I choose the WHO definition of obesity for Asian 
and Pacific adults (WHO, IASO, and IOTF 2000) and operationalize obesity as a dichotomous 
variable with “BMI equal to or more than 25 kg/m2” coded as “1,” and “BMI less than 25 kg/m2” 
coded as “0”. 
5.3.3.2 Independent Variables 
The first set of independent variables is about individual-level demographic backgrounds 
including sex, age, and marital status. 
Sex: Sex is an important demographic variable that influences BMI obesity, although 
different studies might find higher prevalence of obesity in men or women. I recode a dummy 
variable for sex, with women coded as “1” and men coded as “0”. 
Age: Age is a key demographic indicator for health outcome. Since previous literature 
documented the non-linear age effect on BMI and obesity prevalence varies by age cohort 
(Flegal, Carroll, Ogden, and Curtin 2010; Rzehak and Heinrich 2006), I include a quadratic term 
of age in the quantitative analysis. The continuous age and age square terms are used in 
modeling of Chapter 5 and 7. Considering that literature reported socioeconomic disparities in 
health varied for different birth cohorts (Chen, Yang, and Liu 2010), in the description analyses 
of Chapter 5, I also divide the whole adult sample into four age groups: 18-34.99, 35-54.99, 55-
69.99, 70 and over. These age groups also reflect a natural weight gain trajectory with aging, 
corresponding to weight gain beginning, accelerating, decelerating, and decreasing. 
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Marital Status: One’s marital status has been found as closely related to obesity risk. 
Studies have suggested that obesity may be contentious between a couple (Sobal, Rauschenbach, 
and Frongillo Jr 1992; Woo et al. 1999). Marital status is recoded as a dummy variable, with 
those married coded as “1” and those single, separated, divorced and widowed coded as “0.”  
The second set of independent variables is about individual-level SES. To investigate 
SES disparities in obesity in China, I used two sets of socioeconomic background measurements: 
I assess three dominant components of SES: Educational attainment, occupational status and 
income. In addition, I create the index of household wealth based on measures of household asset. 
Household wealth, not necessarily related to income, is an important dimension of one’s SES.  
Educational Attainment: China has a nine-year compulsory education system including 
primary school and regular secondary education. Secondary education is divided into academic 
secondary education (usually three years in junior high school and three years in upper high 
school) and specialized or vocational or technical secondary education. Higher education in 
China includes the undergraduate level in junior colleges, colleges, and universities offering 
programs in both academic and vocational participants. Correspondingly, CHNS measured 
education with “completed years of formal education in regular school” as well as “highest 
educational attainment,” which were measured by no school (0 year), primary school (1-6 years), 
junior middle school (1-3 years), senior middle school (1-3 years),middle technical or vocational 
school (1-2 years), collage (3-4 years in college/university) and graduate school (over 4 years in 
college/university). I create three categories: “low education” represents one has no formal 
schooling or up to 6 years of education, “intermediate education” represents one’s highest level 
of education is 7 to 12 years, and “high education” represents one’s highest level of education is 
12 years and over.  
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Occupation: The CHNS questionnaire contained 13 categories of primary occupation in 
modern China: (1) senior professional/technical worker (doctor, professor, lawyer, architect, 
engineer); (2) junior professional/technical worker (midwife, nurse, teacher, editor, 
photographer); (3) administrator/executive/manager (working proprietor, government official 
section chief, department or bureau director, administrative cadre, village leader); (4) office staff 
(secretary, office helper); (5) farmer, fisherman, hunter (6) skilled worker (foreman, group 
leader, craftsman); (7) non-skilled worker (ordinary laborer, logger); (8) army officer, police 
officer; (9) ordinary soldier, policeman; (10) driver; (11) service worker (housekeeper, cook, 
waiter, doorkeeper, hairdresser, counter salesperson, launderer, child care worker), (12) athlete, 
actor, musician and (13) others. Although CHNS occupation has only been analyzed from the 
perspective of occupational physical activity (Monda et al. 2007; Ng, Norton, and Popkin 2009), 
I attempt to adopt a sociological view by following the Goldthorpe schema. I group the primary 
occupations into three categories: High (professional and intermediate professions such as 
officers, administrators, and cadres), medium (non-manual occupations such as cooking, driving, 
and housekeeping), and low (manual or lower occupations such as farmers, fishers, hunters, 
soldiers, and laborers), and recode into two dummy variables. Since those who were not in the 
workforce skipped answering primary occupation, I create an indicator dummy variable of 
working status (currently working=1).  
Individual Income/Equalized Household Income: I assess income at the individual-level 
(or individual income for short) by equalized household income, which is a measure of the 
weighted average of per capita household income based on the size of the household and the age 
of its members. A number of equivalence scales were developed to reflect the disproportional 
consumption of income of each additional member in a household (Atkinson 1995). Instead of 
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dividing the household income by the household size directly, the equivalence scale developed 
from the OECD assigns different values for different ages in the household. In the 1980s, 
“Oxford scale” or “OECD equivalence scale,” which assigns a value of 1 to the first household 
member, of 0.7 to each additional adult and of 0.5 to each child, were used in many countries 
that did not have their own scale. In the 1990s, the “OECD-modified scale,” which assigns a 
value of 1 to the first household member, of 0.5 to each additional adult and of 0.3 to each child, 
was used to replace the initial scale (Hagenaars 1994). Recently, OECD publications revised the 
scale to one that divides household income by the square root of household size(OECD 2008). In 
this dissertation, I use the most recent equivalence scale and adjusted net household income by 
dividing the net household income by the square root of the number of household members. In 
CHNS, net household income was measured as the sum of all sources of income and revenue 
minus expenditures. Participants were asked about nine potential sources of income from 
business, farming, fishing, gardening, livestock, non-retirement wages, retirement income, 
subsidies, and other income. Based on such information, total net household income was 
constructed as the sum from all nine sources and deflated to the Consumer Price Index. The 
income unit was measured in Chinese yuan (RMB). In 2006, USD-RMB exchange rate was 
1:7.99821.  
Because many studies support nonlinear relationship between individual income and 
health including obesity, in my preliminary analysis, I have tried different income 
transformations: A quadratic term of income, the logarithm transformation of individual 
income1, and income quintiles. All transformations can reflect concavity in the relationship 
                                                          
1 Since the CHNS survey recorded income losses, negative values of household net income were retained. The 
minimum amount of Equalized household income was -6,440 yuan.  In order to study the marginal income effect on 
obesity of different transformation of income forms, I added a constant of 6,441 to every respondent’s individual 
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between income and obesity and different transformations are not a significant case for other 
covariates in the model. In this study, I choose income quintile for the purpose of reporting.  
Income Quintile: I assess the effect of the income on obesity when the relation was non-
linear or non-concave by income quintile. With the equalized household income values, I create 
four break points that define income quintiles as: Lowest, lower-middle, middle, higher-middle, 
and highest, the distribution of the five quintile of income are: Very low (-6,440 to 3,200), low 
(3,200 to 6,340), middle (6,340 to 10,570), high, (10,570 to 17,330) and very high (17,330 to 
315,608). The lowest quintile is set as the reference. According to China Statistical Yearbook 
2007, in 2006, the official definition of national poverty line in China was an annual household 
income per capita of 785, which was reflected in the lowest quintile in my sample. 
Household Wealth: Household wealth is an indicator of overall economic well-being in a 
household and is not as sensitive to short-term income as the annual household income. Past 
studies attempted to measure household wealth by an index of composite asset and wealth 
variables representing the living standard of a household, and such a household wealth index has 
been found to be a good proxy for household wealth in both developed (Rutstein and Johnson 
2004) and developing countries (Bollen et al. 2001; Filmer and Pritchett 2001; Montgomery et 
al. 2000). Following their approach, and borrowing the methods from previous publications 
(Vyas and Kumaranayake 2006; Zimmer et al. 2010), I measure household wealth by 
constructing a wealth index for each household from asset and wealth survey results, and use 
principal-components analysis to derive weights. The household wealth index based on 
household asset and wealth information is useful in China’s context because annual household 
net income per capita surveyed might not really reflect one’s economic well-being. 
                                                                                                                                                                                           
income, so that the minimum value of absolute income would be 1 yuan. This adjustment only applies to the squared 
income and log income. The income quintiles are based on actual income. 
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The Household Questionnaire of CHNS 2006 assessed each household on the 
household’s ownership of a number of consumer items, dwelling characteristics, facilities, and 
other characteristics that are related to wealth status. Previous study developed a factor analysis-
derived household wealth index using the CHNS data (Zimmer et al. 2010), but my wealth index 
incorporated more components of asset and wealth for a more refined assessment. I incorporated 
the following: housing ownership, how the household obtained drinking water, type of toilet 
facilities in household, type of lightening generally used in the household, type of fuel used 
normally for cooking, and household ownership of the following items- motorcycle, automobile, 
radio/tape recorder, VCR, black-white TV, color TV, washer, refrigerator, air conditioner, 
sewing machine, electric fan, camera, microwave, electric rice cooker, pressure cooker, 
telephone, cell phone, and satellite dish. Through principal components analysis, each asset 
variable was assigned a weight or factor score. I normalized these scores to a standard normal 
distribution with a mean of zero and a standard deviation of one. With these scores, I create four 
break points that define wealth quintiles as: lowest, lower-middle, middle, higher-middle, and 
highest, so I have the wealth quintile rank from 1 to 5, with 1 representing the lowest and 5 
representing the highest level of wealth. Then I create dummy variables for household wealth, 
with the lowest quintile set as the reference. The distributions of wealth scores among each 
wealth quintile category are: poorest (0 to 1.37); poor (1.38 to 1.93); middle (1.93 to 2.54); rich, 
(2.54 to 3.26) and richest (3.26 to 5).  
The third set of independent variables is about the individual-level relative income.  
The relative income: In most literature, was defined as the income of an individual 
relative to the mean income of a reference group (Deaton 2003; Gerdtham and Johannesson 
2004; Hey and Lambert 1980; Li and Zhu 2006; Ling 2009; Reagan et al. 2007; Wildman 2003; 
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Yitzhaki 1979). There are no set standards about what constitutes the relevant reference group of 
individuals, see more discussion in 5.1.4. In this dissertation, the community/neighborhood in 
CHNS makes a plausible reference group to study the relative income effects on obesity. 
Community constituted a good reference group based on the presumption that the relevant 
reference group consists of individuals living in the same area (Miller and Paxon 2000, Fiscella 
and Franks 1997, Daly et al. 1998, Gerdtham 2004) The idea is consistent with a well-known 
sociological theory of relative deprivation, defined by the British sociologist Runciman (1966) 
who suggested that people compare themselves with some reference group within the society 
rather than the whole society: 
“We can roughly say that [a person] is relatively deprived of X when (i) he does not have 
X, (ii) he sees some other person or persons, which may include himself at some previous or 
expected time, as having X (whether or not this is or will be in fact the case), (iii) he wants 
X, and (iv) he sees it as feasible that he should have X (Runciman, 1966: 10).” 
There are four major different measures of relative deprivation of income, which I 
describe below.  
Yitzhaki’s Relative Deprivation of the absolute income (RDA): Yitzhaki (Yitzhaki 1979) 
developed the relative deprivation of the absolute income that was used by many studies (Cowell 
2000; Deaton 2001; Kondo et al. 2009).This measure of relative deprivation of individual i , 
denoted by Y, was the weighted sum of the difference between of individual i’s income, denoted 
as   , and the reference group per capita incomes exceeding that income, divided by the number 
of individuals in the reference group. The formulation of Yitzhaki’s measure of relative 
deprivation may be written as:  
      ∫            
 
  
    (5.3.1) 
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where       is the Yitzhaki’s measure of relative deprivation for individual   . In this study, I 
derive Yitzhaki’s RDA for individual   in a community as the sum of difference between 
individual   and all the individual   whose income was higher than income of individual  , 
weighted by the reference group size. Alternatively, it may be written as: 
      
 
 
∑                       (5.3.2) 
Deaton’s Relative Deprivation Index (RDI): This relative deprivation index (Deaton 
2001) normalizes Yitzhaki’s measure through dividing it by the mean income of reference group, 
so that RDI was expressed not as a function of income, but of rank in the income distribution. 
Deaton’s RDI was bounded between 0 and 1, with 0 representing the individual with the highest 
income and 1 representing the individual with the lowest income in the reference group. The 
formulation of Deaton’s measure of relative deprivation index may be written as: 
       
 
 
∫            
  
      
(5.3.3) 
where   is the mean income of the reference group,    is the highest income in the group, and 
F(y) is the cumulative distribution function of group incomes. I derive the Deaton’s RDI by 
normalizing Yitzhaki’s RDA by the mean income of the reference group.  
Log Difference Relative Deprivation: This was the difference in the natural log of one’s 
income and the natural log of the incomes of reference group members who had higher income. 
It was similar to the Yitzhaki’s relative deprivation measure, but used the logarithm 
transformation of absolute individual income. The log difference relative deprivation may be 
formalized analogously to Yitzhaki’s measure as the follows (Reagan, Salsberry, and Olsen 
2007): 
       ∫                
 
  
    (5.3.4) 
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where        is the log difference relative deprivation for individual   in a community, 
individual i’s income is denoted as   . I derive the log difference measure of relative deprivation 
by replacing the absolute income in Yitzhaki’s RDA by the logarithm transformation of the 
absolute income. In the log difference measure of relative deprivation: increase in income 
inequality is an increase in the variance of log income, holding the mean income constant.  
Income Rank: This is a measure of the rank of one’s absolute income within the reference 
group, i.e. the community (Li and Zhu 2006). This measure reflected one’s percentile relative 
rank and ranged from 0 to 1, with 0 representing the poorest individual in the group, and 1 
representing the richest individual within the group. 
I derived all the measures and compared them in my analysis. Different measures of the 
relative income do not change the effects of the relative income on obesity outcome; either do 
they influence the other variables in the model. Therefore, in Chapter 5, I present the results with 
RDI as the relative income measure. In addition, in the final model, I control for the individual-
level smoking and alcohol consumption behaviors at the individual-level. 
Smoking: CHNS has a set of smoking status related questions, one of which asks 
respondents “Have you ever smoked cigarettes?” For those who answer yes, a follow-up 
question is: “Do you still smoke cigarettes now?” I measure the smoking status by a binary 
variable, coded from the answers of the above question, with “yes” coded as “1,” and “no” coded 
as “0.”  
 Alcohol Consumption: Studies have suggested that calories from alcohol would increase 
total energy intake besides calories from other sources, and the finding was alike for both sexes. 
However, the association between alcoholic beverage intake and BMI varies across gender and 
cannot be explained by the type of alcoholic beverage consumption (Colditz et al. 1991). Recent 
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study found that drinking frequency was inversely associated with changes in waist 
circumference in women and was unassociated with changes in waist circumference in men 
(Tolstrup et al. 2008). CHNS asked respondents whether or not they drank beer or any other 
alcoholic beverage last year. For those who answer “yes,” CHNS continued to probe the 
frequency of drinking drink beer or any alcoholic beverage, and how many days per week, per 
month, or per year that they drank. I recoded alcohol consumption as a dummy variable, with 
“never drinking” coded as “0”. 
The last set of independent variables is community-level Characteristics and income 
inequality, described as follows: 
Community Mean Income: Literature suggests that socioeconomic context of 
communities, especially average income, affects the health of individual residents (Robert 
1999b; Robert 1998; Subramanian et al. 2003). In cases where income within a community is 
highly skewed, the median income instead of mean income in the community should be chosen 
because the median is less sensitive to extreme income (outlier) than the mean. I aggregate the 
equalized household income in each community and derive the community mean income and 
medium income, and compare their difference. On average, the difference between community 
mean income and median income is 2,090 yuan with SE of 3,692 yuan, and no extreme value is 
found. I compared the results of modeling the mean and median community income and found 
close results. Therefore, in this chapter, I report results with the community mean income.  
Community Mean Education: Literature suggests that socioeconomic context of 
communities, especially median education, impacts the health of individual residents (Robert 
1999b; Robert 1998; Subramanian et al. 2003). I aggregate the educational level of individuals to 
derive the community mean years of education.  
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Urbanicity Index: The CHNS surveyed various dimensions of level of urbanization in the 
community. Recently, a scale was developed to more fully characterize the level of urbanization 
in a given sampled area in CHNS, and the community urbanicity index was proven to be a valid 
index for capturing the urbanization characteristics of an community environment including 
density, housing transport health, education, traditional and modern markets, communication, 
economics sanitation, social services and diversity (Jones-Smith and Popkin 2010). I adopt this 
method of creating urbanicity index and used it in my dissertation. The urbanicity index unique 
for each community is based on data on the following 12 components: population density, 
economic activity, traditional markets, modern markets, transportation infrastructure, sanitation, 
communications, housing, education, diversity, health infrastructure and social services. Without 
restricting the number of factors estimated, each component contributed up to a maximum of 10 
points to the overall 120-point measure. The average urbanicity index is 64.42 in 2006 CHNS, 
with the minimum of 27.22 and maximum of 101.60.  
Urban Indicator for Community: CHNS sampling scheme defined urban sites with city 
and suburban neighborhoods, and rural sites as those neighborhoods in towns and villages, I 
follow the common categorization in many CHNS studies about the urban indicator. Based on 
the current administrative district in the community survey. I define “city” and “town” 
neighborhoods as the “urban” communities, and “suburban” and “rural” neighborhoods as the 
“rural” communities. 
Income inequality: Social scientists have developed many qualitatively different 
dimensions of income inequality, which can be measured through various ways including the 
Gini coefficient, coefficient of variation (CV), decile ratios, generalized entropy (GE) index, 
Kakwani progressivity index, Proportion of total income earned, Robin Hood index and Sen 
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Poverty measure. The measurements could differ in three approaches: shares of income, such as 
the percentage of total income held by the top quartile of the income distribution; percentile 
ratios, such as the 90/10 ratio, and one-number summary statistics such as the Gini coefficient 
(McCall and Percheski 2010). The first two measures give the point-specific income inequality, 
whereas the third common measure gives the inequality throughout the complete income 
distribution. While the choices may be many, the selection of an indicator should be guided by 
the theoretical considerations rather than merely data considerations. In fact, the different 
measures alone should not make a huge difference. Researchers compared the Gini coefficient 
with the alternative measures of income inequality such as the Decile ratio, the proportions of 
total income earned by the bottom 50%, 60%, and 70% of households, the Robin Hood Index, 
the Atkinson Index and Theil's entropy measure, and found that the different measures were 
highly correlated wit each other, with Pearson’s r >0.94 (Kawachi and Kennedy 1997). It was 
also found that the one-number summary statistics of the Gini Theil, and Roboin Hood indexes 
and the share of income for the top quartile were highly correlated(Evans, Hout, and Mayer 
2004). 
The Gini coefficient is the most commonly used measure of income inequality in the 
public health literature. The Gini coefficient (derived from the associated Lorenze curve) 
measures income inequality on a scale from 0 to 1. Equally distributed income is represented 
with a diagonal, and percentage of total income earned by cumulative percentage of the 
population is represented by the Lorenze curve. The further the curve from the diagonal, the 
greater the degree of inequality. A Gini coefficient is a single summary statistic of the income 
distribution, which is the size of the area between the Lorenz curve and the 45° line of equality 
divided by the total area under the 45° line of equality. A Gini coefficient of 1 represents perfect 
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inequality, and a Gini coefficient of 0 represents perfect equality. This method reflects all 
persons’ experiences without stratifying individuals into social classes, which was an attraction; 
but the accompaning deficiency was that it failed to capture the different kinds of inequalities, as 
different shape of Lorenz curve could result in similar Gini coefficient values (Cowell 1995; 
Cowell 2000). In fact, the Gini coefficient is most sensitive to inequalities in the middle part of 
the income spectrum (Ellison 2002b). Technically defined as a ratio of the areas on the Lorenz 
curve diagram, the Gini coefficient’s mathematical form can be expressed as follows (Lambert 
1993): 
  ∑ ∑
       
    
 
   
 
                            (5.3.5) 
 This is a classic form indicating the relative mean differences. G represents the Gini 
coefficient, ∑ is the summation sign, x is the equalized household income (as explained in the 
measure of individual income), i and j are the ith and jth person in the province, and xi and xj are 
their equalized household income respectively. μ represents the mean income in the community, 
and n is the sample size in the community. Taking differences over all pairs of X is useful to 
avoid the total concentration on differences vs. the mean.  
 In the dissertaion, I choose the Gini coefficient to depict the overall income distribution at 
the community-level, so as to remain consistent with a large number of previous studies on 
income inequality and health. The Gini coefficients used in this study were constructed with data 
on household net income per capita (household net income devided by household size) from 
CGSS 2006. I calculate the Gini coefficient for each of the nine province, taking the sampling 
design and weight variables into account. Each province has a particular Gini coefficient as the 
measure for income inequality for the communities nested within the province.  
 Provincial Indicators for Jiangsu and Guangxi: Among the nine provinces, Jiangsu had 
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the highest level of income inequality while Guangxi was in the middle (the fourth highest) in 
terms of inequality level. However, preliminary examination shows that obesity prevalence in 
Jiangsu was 28.35% (the fourth highest) while Guangxi has the lowest prevalence of obesity at 
11.85%. Taken together, neither of Jiangsu or Guangxi represents a clear pattern of positive or 
negative association between income inequality and obesity prevalence. Therefore, in additive 
models, I include the provincial indicator for Jiangsu and Guangxi provinces and compare the 
results with the models without the provincial indicators.   
 
5.4 ANALYTICAL STRATEGY and MODELS 
Over the past decades, a growing number of sociological studies applied multilevel 
regression analysis for the investigation of associations between social context and individual 
health by allowing the simultaneous examination of group-level and individual-level factors 
(Diez-Roux 2000; DiPrete and Forristal 1994; Kawachi and Berkman 2003). In health studies, 
examples include individuals within families, families within communities, and longitudinal data 
such as repeated measures taken from individuals over time.  
5.4.1 Rationale of Multilevel Models 
Statistical procedures for estimating models with multilevel data structures have been 
developed over the last three decades. Multilevel models (Goldstein 1995; Snijders and Bosker 
1999), also known as hierarchical linear models (Bryk and Raudenbush 1992), nested models, 
mixed models, random coefficient, random-effects models and random parameter models 
(Longford 1993), are modeling methods to distinguish between variables and levels (fixed and 
random classifications) at both micro and macro levels. The hierarchy in multilevel models is not 
restricted to two levels, and can be expanded to three or more levels. Multilevel models 
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recognize the existence of hierarchical structure of data by allowing for residual components at 
each level in the hierarchy.    
The outcome variable at the micro-level is modeled as a function of explanatory variables 
at all participating levels. While conventional OLS regression assumes independence of all units 
(e.g. individuals) and that any variables affecting the outcome have the same effect across 
communities, multilevel modeling relaxes this assumption and allows for clustering effects. This 
modeling framework was flexible enough to incorporate a wide range of data sources and answer 
substantive questions. Recently, developments in methodology allow for simultaneous 
regressions on correlated data at the individual and aggregate-levels. The new models, called the 
hierarchical related regression (HRR), estimates individual-level associations using a 
combination of aggregate (group level) and individual-level data. HRR methods can reduce 
ecological bias caused by confounding, model mis-specification or lack of information, and 
increase power compared to analyzing the datasets singly (Jackson, Best, Nicky, and Richardson 
2008).  
As a illustration, Table 4 which is adapted from a previous publication (Subramanian et 
al. 2009) represents a typology of different levels of studies. The rows indicate the level or unit 
of the outcome variable and the columns show the level or unit of exposure variable. The study 
type (y, x) is commonly used in individual-level studies, while study type (Y, X) is referred to as 
“ecological study” that reflected predictors and association mechanism only at contextual level. 
The study type (y, X) represented the multilevel approach where an ecological exposure is 
associated with an individual outcome. (y, x, X) study type showed a multilevel study of an 
individual outcome associated with an ecological exposure and an individual exposure and the 
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individuals were nested within ecological settings. An asterisk represents that this type of study 
is impossible to specify. 
Ecological studies analyzed data at a group level but tried to make inferences about the 
individuals within the groups. This approach was constrained by ecological fallacy- inferences 
between exposure and outcome at the group-level may not reflect the individual-level (Robinson 
1950). The limitations of ecological studies have been criticized and the choice of multilevel 
modeling has been discussed, specifically in health research (Diez-Roux 2000). Scholars found 
that ecological inference would be theoretically biased if there was a non-linear relationship 
between the exposure and the risk of outcome, and there was within-area variability in the 
exposure (Jackson et al. 2006). On the other hand, the individual approach to health studies has 
been recognized as insufficient. Hence a new perspective on health was suggested to emphasize 
both individual and contextual systems and the interdependent relations between the two 
(McLaren and Hawe 2005). Multilevel research design is useful because it examines the effects 
of individual, neighborhood, and even higher level factors on health outcome at the same time 
(Acevedo-Garcia et al. 2003). By contrast, ecological inference generally is subject to bias and 
imprecision due to the lack of individual-level information, and cannot distinguish the contextual 
vs. individual risk factors. Conversely, individual-level data have insufficient power to study 
area variations in outcomes.  
5.4.2 Multilevel Models 
Multilevel models provided a practical and robust analytical framework for health 
research because it could examine contextual effects in relation to individual-level social and 
demographic factors in understanding health outcomes, health-related behavior and health 
service performance (Duncan et al. 1998). This is especially useful because sociologists are often 
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confronted with data that follow multilevel or nested structures. Such data included individuals 
within households, facilities within neighborhoods, communities within cities and metropolitan 
areas. I have this kind of data in the dissertation.  
Multilevel modeling provides a technically robust framework to analyze the clustered 
nature of the outcome and is pertinent when predictor variables are measured simultaneously at 
different levels (Goldstein 1995). In this chapter, I use a special case of multilevel analysis- 
multilevel logistic regression to model a dichotomous response variable of obesity as a function 
of the ecological and individual-level variables. In addition, I study the continuous BMI outcome 
in the same multilevel framework as obesity. The goal is to estimate a series of multilevel 
models examining the association between body weight outcomes and individual-level SES and 
community-level social context among adults with a sequence of hypotheses.  
General Model Form for BMI Outcome 
  Since the BMI outcome is a continuous variable, I choose the multilevel regression model 
and I estimate the series of models using the xtmixed procedure in STATA 11 to assess the 
magnitude and direction of association2. My basic form of multilevel regression model with P 
level-1 explanatory and control variables   ,   · · · ,    and Q level-2 explanatory and control 
variables   ,   · · · ,    for BMI has as the following form:   
          ∑    
 
        ∑    
 
               (5.4.1) 
where       is the BMI for individual i living in community j. Residuals are composed with two 
parts:      represents the random intercept for communities, assumed to be uncorrelated to      or 
     and has a normal distribution with zero mean and variance    
 .  
General Model Form for Obesity 
                                                          
2 I compared the results of analysis using xtmixed and xtreg procedure in Stata for the continuous BMI outcome, and 
the results are almost identical.   
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Since the obesity outcome is a binary variable, I choose the multilevel logistic regression 
model based on a logit-link function which allowed for extra-binomial variation to assess the 
magnitude and direction of association. My basic form of multilevel logistic regression model 
with P level-1 explanatory variables   ,   · · · ,    and Q level-2 explanatory variables   ,   · · · 
,    has the following form:   
       (   )        
   
 -   
      ∑    
 
        ∑    
 
                (5.4.2) 
where     is the binary outcome of obesity for individual i living in community j,     is the 
probability of being obese for individual i living in community j; i =1 to 9,586, j =1 to 218.     
is the grand mean. This equation consists of a fixed part    ∑    
 
        ∑    
 
        and a 
random part (residuals). The fixed parameters    and    (p=1, 2, 3, …P; q=0, 1, 2, 3..Q) estimate 
the differentials in the log odds in the obesity outcome for the different predictors and control 
variables. The residuals are composed with two parts:      represents the random intercept for 
communities, assumed to be uncorrelated to      or      and has a normal distribution with zero 
mean and variance     
 . The variance parameters quantify the heterogeneity in the outcome at 
the community level, indicating the independent importance of community.  
The Null Model Form for BMI and Obesity Outcomes 
         The model forms for log odds obesity in equation (1) and for BMI in equation (2) are 
similar, and interpretation for the coefficients in equation (2) is more straightforward than the log 
odds coefficients in equation (1). To simplify the description of models, now I focus on the BMI 
models. Using the model-building notation, I first establish adequate BMI variance between 
communities, to conduct the analysis. An empty (i.e. lacking predictors) individual-level model 
is specified first:  
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The outcome variable BMI for individual i nested in community j is equal to the mean 
BMI outcome in community j plus an individual-level error    , and          
    Because there 
may also be an effect that is common to all individuals within the same community, a 
community -level error term can be added by specifying a separate equation for the intercept: 
                   
where    is the mean BMI outcome in community j and     is a community-specific 
effect.          
 
    Combining the above two equations yields a model with fixed effects for 
    and random effects for     and   : 
                         (5.4.3) 
where observed variation in BMI attributable to community-level characteristics is showed by 
the intraclass correlation coefficient (ICC) : 
      
    
      
 
 
The grand mean for BMI of the 218 communities is 23.381, with a standard error (SE) of 
0.081 and the 95% confidence interval (CI) between 23.221 and 23.540. The ICC is 8.8%, hence 
8.8% of variation in BMI can be explained by community-level variables, suggesting that 
community characteristics can and do have significant independent effects on individual BMI.  
Similarly, I examine the binary obesity outcome with the empty model of log odds. The 
functional form of the model is: 
      (   )       (
   
     
)                        (5.4.4) 
The grand mean for log odds obesity is -1.093, with a SE of .040 and a 95% CI between -
1.189 and -.998. The ICC is 10.3%, which represents that 10.3% of variation in one’s likelihood 
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of being obese can be explained by community-level variables. The null models of both BMI and 
binary obesity have established the community-level variation of the outcome. 
Matrix form of all multilevel models  
Next, I present a series of models and compare their fits. The null model and results have 
been reported. Starting from Model 1 with only demographic variables, I add a set of variables in 
each new model that follows, and examine their effects and the model fitness. With the 
multilevel model building procedure, the individual specification and combination of different 
level-1 and level-2 models for the eight models appear very long and messy, and the notations 
are unnecessarily complicated. Therefore, I present two pithier matrix forms of all multilevel 
models for BMI and obesity outcome, respectively:  
                (5.4.5) 
      (   )        
   
     
          (5.4.6) 
where     is a        vector of BMI responses,     is the binary outcome of obesity for 
individual i living in community j,     is the probability of being obese for individual i living in 
community j,   is a            matrix of p fixed effects repressors at the individual-level 
and q fixed effects repressors at the community-level (p and q varies in different models),   is an 
      vector of random effects, and   is a        vector of errors. All these models are 
random intercept models (Rabe-Hesketh and Skrondal 2008).  
5.4.3 Analytic Strategy 
The CHNS data are available in SAS format, and the CGSS data are available in SPSS 
format. I make initial data cleaning and data combining using SAS 9.1.3 and SPSS 16, and 
conduct major statistical analyses using STATA 11. 
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I first present descriptive statistics on the individual-level socio-demographic 
characteristics, SES and community-level contextual characteristics of the sample, and give an 
overview of BMI and obesity disparities by SES groups and regions in China. I then test 
hypotheses simultaneously at community- and individual- level, using data and variables 
described in Section 5.3. I examine bivariate and multivariate associations between the obesity 
outcome and various indicators of SES, the relative income, income inequality and control 
variables. By comparing coefficients in bivariate models with corresponding ones in a 
multivariate model including all the predictors, we can detect the extent to which associations 
between SES indicators and outcome vs. income inequality indicators and outcome are explained 
by other factors and interactions. 
With these random intercept models (Rabe-Hesketh and Skrondal 2008) described in 
5.4.2, I proceed with analyses with a combination of aggregate and individual data in a complex 
study of predictors at two levels. Since the outcome is set at the individual-level and income 
inequality is measured by the provinces using a different data set rather than direct aggregation 
from the individual data, this study does not suffer from potential ecological fallacy.  not the,. I 
examine obesity and BMI separately as outcome variables in the analysis. I fit multilevel 
regression models for continuous BMI outcome, using xtreg procedure in STATA. xtmixed can 
be used for approximating the random-effects model with ML random-effects method. I fit 
multilevel logistic regression models for the dichotomous obesity outcome to estimate the odds 
that a Chinese adult is obese. I estimate the series of models using the xtlogit procedure in 
STATA 11. Among all three commands ‒ xtlogit, xtmelogit, gllamm ‒ in STATA that can all fit 
the logistic random-intercept models using adaptive quadrature to approximate the integrals 
involved, xtlogit is the most efficient one (Rabe-Hesketh and Skrondal 2008). The default 
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approximation to the likelihood of xtlogit procedure is adaptive Gauss-Hermite approximation 
which is also appropriate for low numbers of clusters (Liu and Pierce 1994).  
As described in the modeling sequence in Table 5, I use a forward selection process for 
my multivariate models and investigate the effects of SES, income inequality and interactions on 
the outcome sequentially, controlling for all other variables. As shown in Table 5, separately for 
BMI and binary obesity outcome, eight random intercept multilevel models were fitted. I start 
from a demographic model, adding variables with stepwise approach, until a final model with all 
hypotheses tested the same time. The first six models aim at examining the effect of individual 
SES, the relative income and macro level inequality on BMI/obesity, controlling for other 
predictors. First, Model 1 is a baseline model with demographic variables. Model 2 adds the 
individual SES variables, thereby indicating the SES effect on the BMI and the odds ratio of 
being obese. Model 3 adds Deaton’s RDI to Model 2 for the relative income effect. Model 4 
includes the community SES measures. Model 5 examines the regional level of Gini coefficient. 
Model 6 adds two province indicators (Jiangsu and Guangxi) to Model 5. The second set of 
analyses examines cross-level interactions and behavior modifications. I create income 
inequality interaction variables by multiplying income inequality with the variables for 
individual SES, which is an approach adopted by the U.S. scholars (Subramanian and Kawachi 
2006). I examine all sets of interactions one at a time and additively. For space wise reasons, I 
present the complete set of interaction model in Model 7, which reports interaction of income 
inequality by income quintile and education categories. Based on Model 7, Model 8 adds two 
behavior variables (smoking and alcohol consumption) which are more proximate to the outcome 
than the social determinants. Based on the statistical results and model goodness of fit criteria 
(BIC), a best mode is identified, and discussions follow. 
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5.5 OVERVIEW OF BMI AND OBESITY DISPARITIES IN 2006 CHINA  
Table 6 shows detailed descriptive statistics on the individual-level socio-demographic 
characteristics, SES and community-level contextual characteristics of the sample. 
Overall, 26.35% of them are classified as obese in this study (or overweight and obese by the 
international standard BMI cut-off), 67.95% are classified as normal weight and 5.7% are 
classified as underweight. Approximately 52% of the sample is female. At the time of the survey, 
the mean age of respondents is 49 years old, and 83% of them are married. Only 31.72% of the 
respondents reported “yes” to smoking, and 68.83% of the respondents reported never drinking 
alcohol. 
The average length in formal schools is 7.42 years for all respondents, of whom 24.84% 
have never received formal education, 17.88% end up with primary school, 30.51% receive 
junior high school education, 13.03% finished senior high school, 7.09% have a technical school 
diploma, 6.58% hold a bachelor’s degree, and only 0.06% of the sampled respondents have 
studied in graduate schools. Therefore, 43% belong to the low education category, 51% in the 
medium education category, and 6.6% belong to the high education category. 59.2% of the 
respondents are in the workforce. The occupational status of the sample is also diverse: 17.1% of 
the respondents are professionals, 63.1% are manual workers, and 19.8% worked in the service 
sector.  
The average equivalized household income in 2006 is about 11,920 yuan. More detailed 
summary statistics of income quintiles are presented in Table 5.4.2. There is considerable 
variation of income for respondents in the sample, from very poor (about -6440 yuan) to very 
high (as high as 315,608 yuan) levels. The cut-off points for the income quintiles are 3,200, 
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6,340, 10,570 and 17,330 yuan. Meanwhile, the wealth index is created from a series of 
questions about asset and wealth; the wealth index has a mean score of 2.32 and a standard 
deviation of 1.02. The cut-off points for the wealth quintiles are 1.37, 1.93, 2.54 and 3.26. As a 
measurement of the relative income, Deaton’s RDI ranges from 0 to 1, with a mean of 0.23 and a 
standard deviation of .18. The Gini coefficient varies from 0.386 to 0.596 with a mean is 0.473. 
The mean urbanicity index score is 64.43 but ranges from 27.22 to 101.60. 68.84% of surveyed 
communities are rural comprised of “suburban” and “rural” neighborhoods, and 31.16% are 
urban communities comprised of “city” and “town” neighborhoods. 11% and 12% of the 
communities are from Jiangsu and Guangxi provinces, respectively.  
Figure 11 shows the Gini coefficient by the nine CHNS survey province, with the 
variation from 0.386 to 0.596. Regional pattens of income inquality is also shown. Two coastal 
provinces, Jiangsu and Shandong, represents the two endpoints. Jiangsu has the highest level of 
income inequality and Shandong is the most egalitarian. The Northeast (Heilongjiang and 
Liaoning) represents the major foundations of China’s heavy industry in the northeast area and 
they are relatively egalitarian. The inland provinces (Henan, Hubei and Hunan) have similar Gini 
coefficients. Two mountainous southwestern provinces (Guangxi and Guizhou) represent 
relatively high levels of inequality.  
Because the inequality effects on obesity among Chinese adults are not clear, I start from 
a detailed description of BMI disparities in particular demographic groups based on based on 
CHNS 2006 survey and CGSS 2006 data. 
Table 7 shows the various demographic, socioeconomic and contextual-related 
characteristics of the obese vs. non-obese subgroups of this study sample. It also shows the 
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significance tests on group differences in the obese outcome. Obese and non-obese people differ 
in SES and the exposure to different levels of income inequality. 
There were 2,526 obese people and 7,060 non-obese people in the study. In Table 7, the 
demographic characteristics differ between the obese and non-obese populations. The 
corresponding t-statistic is computed based on the average difference of non-obese and obese 
people. Significant differences are observed in age and marital status. On average, obese people 
were slightly older than non-obese people (mean age 52 vs. 49 years old) and more likely to be 
married. The t-statistics for age and for marital status between the two subgroups are significant. 
However, the sex difference in obese vs. non-obese groups is not significant. Although smoking 
is less popular among obese people, alcohol consumption frequency is similar between the two 
groups.  
Obese vs. non-obese groups differ significantly in terms of high educational attainment, 
although their mean education years are similar (7.37 and 7.49 respectively). Obesity prevalence 
is higher among people out of the workforce but lower in the manual occupation category. There 
seemed to be a positive association between income and obesity. The significant differences 
between the two groups were shown. According to Table 7, the obese people have significantly 
higher income and wealth index score than that of the non-obese (12,758 yuan vs. 11,619 yuan 
and 2.45 vs. 2.27 respectively). Group differences in both income quintiles and wealth quintiles 
are significant, as we would intuitively expect. The obese group is more clustered in the top two 
income and wealth quintiles, whereas the non-obese group is more clustered in the bottom two 
income and wealth quintiles. However, the relative income does not appear to differ significantly 
between the two groups (the average measure of relative deprivation is 0.234 vs. 0.231). Group 
difference in mean community income is significant (12,784.85 yuan vs. 11,609.42 yuan). At the 
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macro-level, there seems to be an inverse association between Gini coefficient and obesity (mean 
Gini coefficient is 0.46 for obesity vs.0.48 for non-obese), and the t-statistic is significant. The 
group difference is also obvious in community advantage measured by the urbanicity index. 
Obese people live in the more advantaged communities than non-obese people (mean urbanicity 
index score of 67.20 vs. 63.44). Similarly, urban communities have higher prevalence of obesity 
than rural communities. The t-statistic is significant between the two subgroups. 
I present the mean BMI and obesity prevalence by various socio-demographic categories 
in Table 8. As shown in the table, the mean BMI and percentage of obese population by major 
demographic features such as age, marital status, urban residence and work status are explicit. 
Women have a higher, though insignificant, mean BMI and slightly higher obesity prevalence 
than men (23.39 kg/m2 vs. 23.30 kg/m2 and 25.75%, respectively). In general, mean BMI has an 
inverse U shape association with aging: it peaks at middle-age, then decreases and declines. 
Among young adults (18 to 35 years old), mean BMI is the lowest at 22.35 kg/m2. The middle 
aged (35 to 55 years old ) group’s mean BMI is the highest at 23.70 kg/m2; BMI decreases 
among the senior group (55 to 70 years old) and the average is 23.58 kg/m2; the lowest mean 
BMI of 23.03 kg/m2 is seen among the oldest group (70 years old and over). It is obvious that 
married people are more likely to report obese than unmarried (83.34% vs. 16.66%) and a higher 
BMI (23.53 kg/m2 vs. 22.44 kg/m2). Respondents’ mean BMI did not differ too much by 
behavior control factors such as smoking and alcohol intake frequency. Obesity in smokers is a 
little higher than that nonsmokers (24.07% vs. 27.41%), but the prevalence of obesity is almost 
the same between alcoholic consumers and non-drinkers. 
Figure 12 summarizes the obesity prevalence by individual SES (education categories, 
occupation categories, income and wealth). There is no obvious positive or inverse relationship 
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between years of educational attainment and obesity prevalence, as shown by the Table 8. The 
mean BMI ranges from 23.13 kg/m2 to 23.40 kg/m2. Those with high educational attainments (12 
years or more at formal schools) show significantly lower obesity prevalence (23.39%) than the 
other two education subgroups. Those currently in the workforce have a lower mean BMI and 
less obesity prevalence than those currently not working. Among the occupational groups, the 
highest mean BMI of 23.46 kg/m2 is observed among the professionals, which also reported the 
highest prevalence of obesity of 26.65%. By contrast, the manual occupation category has the 
lowest mean BMI of 22.97 kg/m2 and lowest prevalence of obesity of 21.57%. The service 
occupation is in the middle in terms of mean BMI and obesity prevalence. Individual income is 
positively related to the mean BMI and obesity prevalence. As one moves from the first to the 
second income quintile and all the way up till the fifth quintile, the mean BMI is 23.00 kg/m2, 
23.09 kg/m2, 23.34 kg/m2, 23.65 kg/m2 and 23.65 kg/m2 respectively. The corresponding 
prevalence of obesity is 23.27%, 23.13%, 26.03%, 30.06% and 29.26% respectively. If we 
combine the lowest two quintiles to call it “low income,” and combine the highest two quintiles 
to call it “high income,” then there is a clear positive income-obesity pattern. Similarly, the 
relationships between wealth quintiles and mean BMI and obesity prevalence are positive. 
Moving from the first to the second income quintile and all the way up till the fifth quintile, one 
would see the mean BMI increased from 22.96 kg/m2, 23.15 kg/m2, 23.20 kg/m2, 23.69 kg/m2 
and 23.73 kg/m2. The corresponding prevalence of obesity is 20.69%, 24.68%, 4.82%, 30.44% 
and 31.15% respectively.  
Urban respondents’ mean BMI is 23.71 kg/m2, higher than that of rural respondents: 
23.18 kg/m2. The prevalence of obesity in urban communities is substantially higher than that of 
the rural communities (30.13% vs. 24.64%). Compared with the rural residents, the urban 
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residents reported a higher mean BMI of 23.75 kg/m2, and their obesity prevalence is as high as 
30.13%.   
 The data show different patterns of mean BMI and obesity prevalence in different 
regions. Gini coefficient, mean BMI and percentage of obesity by CHNS provinces are presented 
in Table 9. Figure 13 shows the prevalence of obesity by different provinces. According to 
Figure 13, Shandong Province in Eastern China has the highest percentage of population 
reported as obese – as much as 42.10%. Following Shandong, the two northeastern provinces, 
Liaoning and Heilongjiang, report a high prevalence of 37.10% and 31.42% respectively. Jiangsu 
Province, the other Eastern Chinese province in CHNS 2006, followed with a relatively high 
prevalence of 28.35%. The inland provinces’ prevalence of obesity is lower: Henan reported 
25.65%, Hubei reported 24.95%, and Hunan reported 20.23%. Southern China provinces shows 
low prevalence of obesity: Guizhou has relatively low prevalence of 17.90% and Guangxi has 
the lowest prevalence of obesity at 11.85%.  
Figure 13 depicts a scatter plot of provincial Gini coefficient in x-axis and obesity 
prevalence (y-axis) at the aggregate-level in each province. Each dot represents a province. 
Figure 13 is a scatter plot of provincial Gini coefficient (x-axis) and provincial mean BMI (y-
axis). Each dot represents a province. From these two figures, we could learn the general trends 
between Gini coefficients and obesity prevalence, and general trends between Gini coefficients 
and provincial average BMI. A more unequal province is related to lower obesity prevalence. As 
a province is more unequal (the higher the Gini coefficient), it has a smaller mean BMI. The 
highest obesity prevalence (41.38%) and highest mean BMI (24.56 kg/m2) occurred in Shandong 
Province, which reported the lowest Gini coefficient (0.41). However, there were two outliers: 
Jiangsu Province and Guangxi Province. Although Jiangsu has the highest level of inequality 
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(Gini coefficient equaled to 0.60), it does not have the highest prevalence of obesity and average 
BMI. Guangxi, the province with the lowest prevalence of obesity and average BMI, still has a 
relatively high inequality level (Gini coefficient equaled to 0.50). Therefore, there does not 
appear to be any “linear” or straightforward relationship between inequality and obesity, at least 
not at the aggregate-level. Nevertheless, there is clearly an inverse trend between the two. There 
may be some regional specialties not reflected in the survey data that affected people’s BMI in 
Jiangsu and Guangxi, therefore, I include two dummy indicator variables in the model analysis.  
 
5.6 RESULTS OF BIVARIATE AND MULTIVARIATE ANALYSES 
After the overview of SES disparities in obesity in 2006 China, I use bivariate and 
multilevel models to test the hypotheses and disentangle the effects of income, wealth, relative 
deprivation and income inequality on adults’ likelihood of being obese. The results are presented 
in this section.  
5.6.1 Bivariate Analyses Results  
Bivariate analyses that examine the associations between predictors and control variables 
and BMI vs. obesity outcome are presented in Table 10. The results show “gross effects” of the 
predictors and the effect of most predictors are similar to both BMI and binary obesity outcome. 
As expected, at the individual-level, more income as shown by the top two income quintiles are 
associated with higher BMI and increased risk of obesity. High income status as shown by those 
staying at the fourth and fifth income quintiles have significant higher risk of obesity (OR=1.417 
and OR=1.364) and higher BMI (increased by 0.643 and 0.649, respectively). Similar association 
between wealth (material wealth measured by the high rank in quintiles of wealth index) and the 
outcomes are observed: the fourth and fifth wealth quintiles have significant higher risk of 
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obesity (OR=1.686 and OR=1.742) and higher BMI (increased by 0.745 and 0.783, respectively). 
The association between education attainment and obesity seems to be inverse; the odds ratio of 
obesity for those with high educational attainment is 0.831 times as low as the reference group 
(0-6 years formal schooling) and significant at the 0.05 level. Manual workers are less likely to 
be obese (OR=0.651, p<0.001). Deaton’s RDI, similar to other relative income measures, shows 
no significant associations with BMI or obesity. At the area-level, the associations between 
community SES-related measures and the obesity outcome are significant, so is the association 
between inequality measure and obesity. A higher mean community income is associated with an 
increased likelihood of obesity (OR=1.020, p<0.05) and a higher BMI by 0.030; a higher average 
community education is also associated with an increased likelihood of obesity (OR=1.079, 
p<0.001) and a higher BMI by 1.141. Each point increase in urbanicity score is positively 
associated with an increased likelihood of obesity (OR=1.009, p<0.001). Urban communities are 
associated with higher likelihood of obesity compared with rural communities (OR=1.319, 
p<0.01) and increase the mean BMI by 0.525. Unlike community urbanicity effect, each 0.01 
increase in Gini coefficient is associated with the lower likelihood of obesity (OR= 0.956, 
p<0.001), and a decrease BMI by 0.085. There are also significant bivariate associations between 
demographic factors and outcomes. Age is significantly positively associated with the odds ratio 
of reporting obesity (OR=1.011) and BMI (BMI increases by 0.015 with each additional year of 
age increase). Being in a marital relationship increases one’s risk of obesity by 1.089 times 
compared with the single marriage status. In addition, smoking is significantly related to a lower 
BMI and lower odds ratio of being obese.  
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5.6.2 Mutivaraite Analyses Results  
Table 11 presents estimates of fixed effects coefficients and model fit statistics for BMI 
outcome. Table 12 presents estimates of fixed effects coefficients in the form of odds ratios of 
being obese, the ICC, Level-2 variance and the BIC statistic for model goodness-of-fit. The 
additive models are useful to reveal patterns and social differentials in obesity. My findings 
indicate significant associations between obesity and the multi-dimensional SES components at 
individual- and community-levels, and inequality at the macro-level, but I find no significant 
effects from cross-level interaction between inequality and income, and the hypothesis of the 
relative income effect on obesity is not well-supported.  
Overall pattern of social differentials in BMI/obesity 
As shown in Table 11, the coefficients represent the change in BMI for any one unit 
increase of a continuous variable or relative to the reference group if the variable is categorical, 
holding all the other variables constant. As shown in Table 12, the odds ratios rather than log 
odds are presented for ease of interpretation of associations. Each coefficient represents the 
change in the odds of obesity for any one unit increase if the variable is continuous or relative to 
the reference group if the variable is categorical, holding all the other variables constant. The 
results in Table 11 and Table 12 report very similar association between predictors and the 
outcome. Therefore, I focus on the interpretation of Table 12 on obesity outcome.  
Models 1 to 6 estimate the demographic and SES main effects on obesity. Model 1, a 
baseline model with demographic variables, shows significant age effect and quadratic age effect 
along with the marital status effect. It suggests that the odds of obesity increases by 11.9% with 
every 10 years of age (OR=1.119, p<.001), but the increase declines at the rate of 0.1 percent 
every year older over the life course (OR=0.999, p<.001), representing a curvilinear and concave 
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age effects. Being married also increase the odds of obesity by 24.9% compared with that of 
single people (OR=1.249, p<.001). However, the sex effect is small and not significant. ICC is 
0.102; suggesting 10.2% of the variation in one’s likelihood of being obese can be explained by 
community-level variables. 
Model 2 adds the individual SES variables to Model 1, thereby indicating the SES effect 
on the obesity outcome adjusting for demographic factors. As expected, high educational 
attainment and a manual occupation are negatively related to obesity; more individual income 
and more wealth are positively related to obesity. Those with high educational attainment are 
associated with a 26.1% reduction in the risk of obesity (OR=0.739, p<.05). The effect of 
intermediate education is not significant. Having a manual occupation reduces the risk of obesity 
at 0.73 times as low as the reference group (service occupations) (OR=0.732, p<.001). However, 
the risk of obesity for those in the fourth wealth quintile is 1.358 times as high as the reference 
group (bottom quintile), and those on the top wealth quintile’s odds ratio is 1.415 times as high 
as the reference group; both are significant at the 0.001 level. Likewise, the risk of obesity for 
those in the fourth income quintile is 1.322 times as high as the reference group (bottom 
quintile), and those on the top wealth quintile’s odds ratio is 1.278 times as high as the reference 
group; both are significant at the 0.001 level.  
Model 3 adds Deaton’s RDI to Model 2 for the relative income effect. It suggests that, 
when adjusting for demographic factors and individual SES, the effect of the relative income is 
not significant. Moreover, the inclusion of the relative income does not improve the model fit as 
the BIC for Model 3 is larger than that of Model 2. Model 4 includes the community SES 
measures in addition to the individual-level variables in Model 3. However, none of the 
community SES indicators (mean income, mean education, urbanicity) are significant. Model 5 
113 
 
shows that, controlling for demographic characteristics, individual SES, the relative income, and 
community SES, the inclusion of regional level of Gini coefficient improves the model fit (BIC 
is smaller than those of Model 2 to Model 4). The risk of obesity is significantly reduced by 5% 
with a 0.01 increase of Gini coefficient (OR=0.951, p<.001). From Model 5 to Model 8, the 
mean community education is negatively associated with obesity, and the urbanicity score is 
positively associated with the obesity outcome. Both are statistically significant at the 0.05 level, 
suggesting some independent effects of community SES.  
Because the descriptive results of provincial Gini coefficient and mean BMI have found a 
neat inverse pattern except for Jiangsu and Guangxi, assuming there might be some regional 
specialties affecting obesity, Model 6 adds two province indicators (Jiangsu and Guangxi) to 
Model 5. The inclusion of the indicator variables does not change other predictor’s effect, while 
both Jiangsu (OR=2.493) and Gurangxi (OR=0.496) have significant associations with body 
weight outcomes. Smaller BIC statistic indicates a better model fit for Model 6 than any of the 
previous models developed from the demographic model.  
The second set of analyses, represented by Model 7 and Model 8, examines cross-level 
interactions and behavior modifications. In the first interaction model (Model 7), the main effects 
for Gini coefficient indicate that income inequality affects obesity negatively in the reference 
income category and reference education category. The coefficients for the interaction variables 
indicate how income inequality affects outcome for each of the specific income and education 
category, relative to the Gini effect for the reference group. However, none of the interaction 
effect set is statistically significant. Meanwhile, the main effects of education and income 
quintile are no longer significant. The final model, Model 8, adds two behavior variables 
(smoking and alcohol consumption) which are more proximate to the outcome than the social 
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determinants. While the effect predictors in Model 8 are not apparently different from those in 
Model 7, smoking reduces one’s risk of obesity significantly, such that smokers could reduce the 
risk by 28.2% compared with non-smokers (OR=0.718, p<0.001). However, the inclusion of 
cross-level interactions and behaviors variables does not improve model goodness-of-fit based 
on BIC statistics from Model 6. Therefore, although the final model examines all my hypotheses 
at the same time, my best model is Model 6. 
Results of hypotheses testing based on the best model 
The best model is Model 6, based on the comparison of BIC statistics and predictors’ 
contribution to the outcome. The coefficients from Model 6 suggested that, at the individual-
level, sex differentials on obesity are not significant. As people age, the odds ratio of being obese 
increased in a non-linear pattern. With each unit of increase in age, the risk is 12.3% times higher, 
significant at the 0.001 level. But the increase declines at the rate of 0.1 percent every year older 
over the life course (OR=0.999, p<0.001), representing a curvilinear and concave age effects. 
Being married increase one’s risk for obesity by 21.7%, compared with the single (OR=1.217, 
p<.001).  Compared with other provinces, residents in Jiangsu Province had over twice the risk 
of developing obesity while the residents in Guangxi had half the risk; both were significant at 
the 0.001 level. 
Hypothesis 1 (the education hypothesis) is supported. High educational attainment is 
associated with a 27.5% reduction in the risk of obesity. The effect of intermediate education is 
not significant. Having a manual occupation reduces the risk of obesity by 28%. The other two 
occupational categories, namely the professional occupation group and the service occupation 
group, are associated with slightly lower odds ratios of being obese compared with the reference 
group, but the associations are not statistically significant. Such findings for occupational effects 
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on obesity support Hypothesis 2 (the occupation hypothesis) that the risk of obesity for a Chinese 
adult is higher among the manual occupation category than other occupation categories after 
controlling for covariates at the individual and contextual-level. 
There is an increased risk of obesity for individuals with higher income and more wealth, 
supporting Hypothesis 3 (the absolute income hypothesis). The risk of obesity for those in the 
fourth wealth quintile is 1.448 times as high as the reference group (bottom quintile), and those 
on the top wealth quintile’s odds ratio is 1.457 times as high as the reference group; both are 
significant at the 0.001 level. The middle income category has 1.249 times higher risk of obesity, 
significant at the 0.5 level. Likewise, the risk of obesity for those in the fourth income quintile is 
1.307 times as high as the reference group (bottom quintile), and those on the top wealth 
quintile’s odds ratio is 1.363 times as high as the reference group; both are significant at the 
0.001 level.  
In addition, at the individual level, the relative income’s effect on obesity seems to be 
minimal. The odds ratio for Deaton’s RDI is not statistically related to the outcome, neither in 
bivariate or multivariate analysis. Not only Deaton’s RDI, but also the other three measures of 
the relative income are irrelevant for the outcome in all models. Therefore, Hypothesis 4 (the 
relative income hypothesis) is not supported. 
As we examine Hypothesis 5 (the community SES hypothesis), results are mixed. Each 
1000 yuan increase in community mean income is linked with 1% lower obesity risk, and each 
additional year more of community average education results in 5% lower obesity risk. However, 
only community mean education is statistically significant at the 0.5 level. A higher level of 
urbanization showed by larger urbanicity index score increases one’s risk of obesity. The rural or 
urban community effect is not significant statistically. 
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Strong evidence supports the inverse inequality-obesity link. Overall, the results show 
that area-level income inequality have an independent effect on obesity over and above the 
effects of individual income, wealth and individual-level relative deprivation. The effect of the 
macro-level income inequality on the risk of obesity for a Chinese adult is significant at the 
0.001 level, regardless of how the individual-level absolute income or the relative income is 
measured. Specifically, with each 1% increase in Gini coefficient (i.e. from an egalitarian 
income distribution to total income being concentrated by one individual), the odds ratio of being 
obese is decreased by 7%. However, the results are opposite to my Hypothesis 6 (the income 
inequality hypothesis). 
No significant cross-level interaction effect is found in either Model 7 or Model 8, 
regardless of the measurement of the absolute income, relative deprivation, and the interaction 
terms. Income inequality effect on obesity does not favor any income subgroup (for example, the 
higher quintile individual income group) over the reference group (such as the lowest absolute 
income quintile group). Therefore, my sample does not support Hypothesis 7 or Hypothesis 8 
(cross-level interaction hypothesis). 
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CHAPTER 6: 
DISCUSSION OF MULTILEVEL ANALYSES OF OBESITY IN CHINA 
 
Chapter 5 seeks to bring together two theoretical research traditions on health inequality and 
uncover the associations between multi-dimensional SES, inequality and obesity among Chinese 
adults within the context of the global obesity epidemic. The results demonstrate the pervasive 
patterns suggesting incremental income and wealth gradients for the obesity outcome but inverse 
education – obesity association among adults in China, the world’s most populated and highly 
unequal country. The first part of this chapter is devoted to a discussion of the eight study 
hypotheses. Then I provide a discussion of the patterns of socioeconomic disparities in obesity 
and inequality in relation to China, with linkages to literature discussed before. In addition, I 
discuss the data quality in examining the hypotheses and finally discuss strengths and limitations. 
 
6.1 DISCUSSION OF HYPOTHESES 
My eight hypotheses described in Chapter 5 have been focused on individual SES, 
community SES, the relative income, inequality and interactions respectively. Six major findings 
emerge and are discussed here. 
6.1.1 Individual-level SES and Obesity 
The results show a strong positive association between individual income/household 
wealth and obesity: with increase in income and wealth, the risk of obesity is increased3. When 
                                                          
3 In my sensitivity analyses, there are three different measures for the absolute income: (1) absolute income 
measured by equivalence scale adjusted household income in 1000 yuan and its quadratic term; (2) logarithmically 
transformed absolute income; (3) absolute income quintiles. Results show that the different measures are not 
influential cases.  Therefore, I present the income quintiles.  
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the relative income and income inequality are added into the model, the effect of the individual-
level absolute income is still robust, and the direction of association between the absolute income 
and the obesity outcome is still positive. The trend is consistent in all models, both bivariate and 
multivariate, suggesting that a substantial part of the SES-obesity association can be attributed to 
the non-linear association between individual income and obesity, and the association between 
wealth and obesity. The association is not simply linear, as reported in previous studies on the 
concave effects of income on health. The steepest relation between income and obesity is 
observed at higher levels of income: adults of the top two quintiles or top 40% of the 
income/wealth distribution are at significantly higher risk of obesity. The curve becomes flatter 
at lower ends of income and wealth. Besides individual income, other two dimensions of 
individual-level SES also had effects on obesity. A high level of educational attainment of 12 
years or more, such as college education, is associated with significant lower risk of obesity. A 
manual occupation is a further protective factor against obesity. The manual occupation, 
compared with other occupation categories such as professional occupation and service 
occupation, predicts a lower risk of obesity for adults in my sample and the association is 
significant at the 0.001 level. The results are consistent from Model 2 through Model 6.  
Earlier studies examined the relationship between SES and obesity in adults from 
industrialized societies, as previously reviewed. Although not all of them reported consistent 
results, the majority found significant, inverse relations between individual- or area-level SES 
measures and obesity. Developing countries, however, usually display an opposite trend. 
McLaren’s extensive review of literature found the inverse SES-obesity association for both men 
and women became increasing positive from developed countries to developing countries. As for 
the importance of different SES indicators, in highly developed countries, the inverse SES-
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obesity association is most common with education and occupation, whereas in developing 
countries, income and material possessions are positively related to higher BMI (McLaren 2007). 
In the Western societies, extensive evidence reported that a lower educational level is often 
associated with a higher prevalence of overweight and obesity, while the delevoping countries 
present an opposite trend (Roskam et al. 2010). 
The findings presented here are consistent with the positive income/wealth-obesity 
association found in most developing countries, but inconsistent with the inverse education-
obesity association in less developed countries. Rather, like many developed countries, the well-
known phenomenon of inverse educational gradients in health (the higher education 
achievements, the better health status) is found consistent for the case of obesity in China: the 
higher education achievements, the lower obesity prevalence in the Chinese adults, probably due 
to the healthy lifestyle of the well-educated people. In fact, paralleling with the nutrition 
transition shifting toward an unhealthy diet and increased inactivity, the highly educated in 
China, like the highly educated in developed countries, have relatively high health literacy and 
tend to keep a more health-conscious diet and lifestyle. Therefore, a higher level of education is 
protective against obesity and a high BMI.  
Such mixed results on income and education on obesity seem to be surprising in a society 
where income/wealth and education are highly related. However, in the context of China’s 
economic reform and social institutions, educational attainment and income/wealth do not 
necessarily stay on the same page. One may be rich but without high education, and another may 
be well-educated but only have a moderate level of income. In addition, at the population level, 
the majority of Chinese adults have less than nine years of education. Therefore, a substantial 
part of the SES-obesity association can be explained to the non-linear association between 
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individual income and obesity, rather than education dimension of SES. The occupation-obesity 
link is consistent with Ng et al’s occupation-related physical activitiy argument of obesity (Ng, 
Norton, and Popkin 2009). The nature of manual work is related to intensive physical activity, 
compared with that of professional and service workers. Hence underlying China’s obesity story, 
it is not a simple SES-obesity association, but a combination of income, wealth, education and 
occupation.  
6.1.2 Community-level SES and Obesity 
The community-level SES effects on obesity are less straightforward. Two indicators of 
community SES are associated with obesity significantly, yet the directions are opposite. At the 
community-level, slightly lower odds of obesity are found in a community with higher average 
education attainment. However, a higher level of urbanization (i.e. higher urbanicity index score) 
increases one’s risk of obesity. The rural or urban community effect on obesity is not significant 
statistically, despite the fact that obesity prevalence is higher in urban than in rural areas.  
My findings of the community SES effects on obesity in China do not follow a single 
pattern compared with previous studies. Some evidence supports my hypothesis but other 
evidence is against my hypothesis. More deprived Chinese communities reduce the risk of 
obesity in terms of lower urbanicity level; meanwhile, less deprived Chinese communities also 
reduce the risk of obesity in terms of higher average educational attainment.  
Compared with those studies on the Western adults, although the community average 
income effects are not significant on obesity risk, the inverse association between obesity and 
community-level SES assessed by average education is consistent. Three studies have examined 
the relationship between SES and overweight/obesity using multilevel analyses approach, all 
supporting the increased community deprivation-higher risk of obesity association (King et al. 
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2005; Robert and Reither 2004; Sundquist, Malmström, and Johansson 1999). Among 4,913 
residents living in metropolitan Melbourne, Australia, King et al assessed the importance of area 
level socioeconomic disadvantage in predicting BMI and found that area disadvantage is an 
important predictor of adult obesity, and the result was robust for both sexes (King et al. 2005). 
Their finding represented a community-level inverse SES-obesity association, which is only 
partially true in China’s case. Sundquist et al studied 9,420 Swedish adults and found that the 
neighborhood environment had an important, independent influence on obesity which was 
beyond the individual educational attainment. Increasing neighborhood deprivation was related 
to higher risk of obesity, adjusted for the individual SES, and there was an independent 
educational gradient on obesity (Sundquist, Malmström, and Johansson 1999). Robert and 
Reither investigated both individual SES and community disadvantage in explaining the higher 
BMI of black women in the U.S. They also found that individual SES and community 
socioeconomic disadvantage each partly explained a higher mean BMI among black women, 
compared with non-black women, and individual SES effects to be independent from effects of 
community socioeconomic disadvantage (Robert and Reither 2004). Compared with these 
studies, China’s pattern is similar to the reverse SES-obesity association, and the fact goes 
against my Hypothesis 5 which is based on the assumption that China is a developing country 
where community deprivation is related to less overnutrition and lower obesity risk.  
However, compared with studies in the developing world, such as India, where average 
levels of state economic development were strongly associated with degrees of overnutrition and 
obesity (Subramanian, Kawachi, and Smith 2007), China’s case is similar in that higher 
urbanization level is positively related to obesity risk. The fact that higher urbanicity score’s 
positive association with obesity suggest that China is still a developing country. 
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The coexistence of supportive and inconsistent evidence shows the complexity of 
community SES effect on obesity in China. Interpretation should be located in the context of 
China’s social-political-economic conditions and the ways community SES affect obesity 
through local built environment and the individual access to the amenities. Unfortunately, my 
data do not contain measures of social capital, crime or poverty, which are often used as 
dimensions of community SES (Kennedy et al. 1998). It limits my investigation of community-
level SES and obesity.  
Overall, The SES effects on obesity are robust at both individual- and community- level. 
The second sets of hypotheses on the relative income, income inequality, as well as the cross-
level interactions specifically assess the inequality/health association with the obesity case, both 
in bivariate models and multivariate models.  
6.1.3 The Relative Income and Obesity 
This study shows no evidence on the association between relative deprivation and 
obesity. To thoroughly assess the hypothesis, the relative income measures varied in my 
sensitivity analysis. Four different measures (Yizhakis’ RDA, Deaton’s RDI, log difference 
relative deprivation, income percentile rank) of the relative income are included one at a time, 
respectively to three different measures of the absolute income. The results are that lower levels 
of relative deprivation (larger values of Yitzhaki’s RDA, smaller Deaton’s RDI, log difference 
relative deprivation, or higher community income percentile rank) would increase the risk of 
obesity. However, after controlling for the absolute income and wealth, among the different 
measures of the relative income, the results are very consistent: none of the Yitzhaki’s RDA, 
Deaton’s RDI, the log difference measure of relative deprivation or the higher income rank 
within the community has significant effects on obesity. Only the higher income rank within the 
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community is associated with slightly larger risk of obesity, significant at the 0.05 level in the 
bivariate association. These findings are consistent with a previous study on self-reported health 
status of Chinese adults using 1993 CHNS data (Li and Zhu 2006). However, such finding is 
different from a previous study of mortality using 1988-1991 National Health Interview Survey, 
in which researchers found Yitzhaki’s measure of relative deprivation is associated with higher 
body mass index besides other health risks (Eibner and Evans 2005).  
One explanation for the null results of the relative deprivation might be that the relative 
income at the individual-level is less relevant in the mechanism paths than the absolute income. 
It is quite possible that the effects of the relative income are already explained by the absolute 
income at the individual-level and income inequality at the community-level. The three measures 
of the relative income–Yitzhaki’s, Deaton’s and the log difference measure of relative 
deprivation– have two basic similarities: first, all of them are convex functions of individual 
income that decline with the increase of one’s income, holding the income distribution constant; 
second, all of them increased with the increase in income inequality, holding constant one’s 
income and the mean reference group income (Reagan, Salsberry, and Olsen 2007). The 
association between the relative income and obesity, if any, could simply be a statistical 
correlation, rather than a causal link. The relative income is a very weak predictor of obesity at 
best.  
Now that the effects of the relative income on health and on obesity are not convincing, 
the effect of income inequality affecting individual health seemed to be more important. Could 
income inequality affect individual obesity? Would the empirical evidence be attributable to a 
statistical artifact? This chapter also investigates the degree to which income inequality in 
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selected provinces in China affects obesity among adults in 2006, above the effects of median 
community income and individual-level covariates.  
6.1.4 Income Inequality and Obesity 
I use multilevel data to study the effect of income inequality with the presence of 
absolute income and relative deprivation. A major observation from the study is that, after 
controlling for individual income and wealth, as well as community-level income, there is an 
independent effect of income inequality on obesity. The magnitude of the association between 
Gini coefficient and obesity is quite sizable, and the direction is opposite to that of the individual 
income. This is against my hypothesis that a higher Gini coefficient is associated with increased 
obesity risk. Bringing back the international literature, the strong and negative effect of income 
inequality on obesity, first observed in China, is obviously contradictory to the positive 
correlation between income inequality and obesity prevalence observed in most developed 
countries including the U.S. (Robert and Reither 2004), Europe (Pickett et al. 2005), OECD 
countries (Su, Esqueda, Li, and Pagan 2012) and India (Subramanian, Kawachi, and Smith 2007).   
Statistically, the finding agrees with a recent study that there is an inverse association 
between community Gini coefficient and nutritional intake among Chinese residents (Ling 
2009). Ling found that community-Gini coefficient had a significant and negative impact on the 
probability of being overweight for the whole sample of CHNS 1989-2004. However, Ling’s 
study was inconclusive since she found significant, positive Gini effect on the waist 
circumference and significant, negative Gini effect on being overweight, and insignificant Gini 
effect on obesity, yet the author didn’t interpret the cause of these contradictory results. The 
study by Chen and Meltzer found a significant, positive association between the community 
income inequality (measured by coefficient of variation) and obesity among rural population 
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based on CHNS 1989-2000 (Chen and Meltzer 2008). The inconsistent evidence might be due to 
Chen and Meltzer basing their measurement of income inequality on only 20 households in each 
community and restricted the study in rural populations. In addition, they did not control all other 
variables in this study. Of note, as clarified in the literature review, both Ling and Chen and 
Meltzer’s studies used an average of 20 houses in a community for generating the community 
income inequality, which was not appropriate and not a good assessment of societal inequality. 
There is very limited study on China using quality data to show income inequality effects on 
obesity. Even though it might be tricky to differentiate the effect of income inequality among 
provinces where the Gini coefficients are relatively high, this study is the first to find strong 
negative effect of inequality on obesity.  
There are several patterns in the Gini distribution in this study: Shandong and the 
northeastern provinces (Liaoning and Heilongjiang) have very close Gini coefficients, the inland 
provinces (Hubei, Hunan and Henan) have very close Gini coefficients, and the southern 
mountainous provinces (Guangxi and Guizhou) have very close Gini coefficients. Jiangsu 
province in east China has the highest Gini coefficient of all. As reviewed in Chapter 3, during 
China’s GDP growth and deepening income inequality since the 1970s, the inland-coastal spatial 
inequality is a major pattern of inequality in China. The coastal provinces are more economically 
developed and experienced the nutrition transition earlier than the inland and mountainous 
provinces. The highs and lows of the Gini also represent the geographical or regional disparities 
in China. As we examine Figure 7 and Figure 3.3.3, we see that the highest mean BMIs reported 
by the 2002 Chinese National Nutrition and Health Survey was found in the Beijing and Bohai 
coast regions (including Shandong), followed by the northern regions of China (including 
Liaoning and Heilongjiang), and the lowest were reported in the southern regions (including 
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Guizhou and Guangxi). The mean BMI sequence neatly matches the Gini coefficient sequence. 
Therefore, instead of making an arbitrary assertion of “higher income inequality can actually 
cause lower obesity,” we need to be cautious about the confounding factors in the association 
between higher income inequality and lower obesity risk. The regional differences such as 
economic development, diet culture, and region-specific lifestyles during the nutrition transition 
might be the confounders that are not examined in this study.  
This finding adds to major debates over the income inequality hypothesis on obesity in 
particular, and on health in general. As discussed before, the large body of empirical literature in 
still inconclusive on the health effect of income inequality (Gerdtham and Johannesson 2004). 
Although many studies by Wilkinson and colleagues (1992, 1996, 1997, 1998, 2002, 2006, and 
2009) reported the detrimental inequality effect on health in the OECD countries, results of 
income inequality and mortality, morbidity and self-reported health status elsewhere are, at best, 
mixed. For example, in Argentina, life expectancy was correlated in the expected direction with 
provincial-level income inequality (measured as the Gini coefficient), but this association was 
not robust for all five income inequality indexes. Infant mortality, self-reported poor health and 
self-reported activity limitation were not correlated with any of the income inequality indexes 
(Fernando 2008). A recent review from the epidemiology perspective concluded that evidence 
implicating income inequality as a threat to health was still far from complete (Subramanian and 
Kawachi 2004). It is possible that the positive association between income inequality and poor 
health reported by Wilkinson and colleagues only work for the more developed countries, but not 
for the developing countries. Ideally, a convincing answer to the income inequality hypothesis 
would depend on a combination of quality data, sophisticated analytical methods, and rigorous 
application of theory and mechanism (Subramanian and Kawachi 2004). The negative 
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association between Gini coefficients and obesity which is observed in China warrants further 
investigation of the income inequality thesis. 
6.1.5 Cross-level Interactions  
Finally, in my testing for cross-level interactions between individual-level income and 
area- level income inequality, in order to explore whether obesity among lower income hierarchy 
positions is more, equally, or less affected by provincial income inequality than more 
advantageous income hierarchy positions, the results are null. Neither are cross-level interactions 
between individual-level income and area- level income inequality significant, significant, 
regardless of the measure of individual income or education. Both results showed that income 
inequality effects on obesity did not differ for different socioeconomic strata. Although the 
observation above shows that those who live in a more unequal region with higher Gini 
coefficient are at lower risk of obesity, the effect is not necessarily more protective for the better-
off individual with higher SES rank. 
The null results may be expected. As discussed in previous sections, a majority of studies 
on income inequality and health did not pay much attention to the cross-level interactions 
whereby the area-level income inequality may affect the health of different SES or population 
groups differently (Subramania et al. 2001). Even if the cross-level interactions are examined, 
current evidence is still mixed. A few studies from more egalitarian societies suggested some 
positive cross-level interactions. For example, in a study of all-cause mortality in Norway during 
the 1990s, analyses of cross-level interactions showed modest income inequality effects on 
mortality in the upper income and educational categories (Dahl et al. 2006). In another study 
examining multilevel interactions between the state income inequality, individual self-rated 
health, and a range of individual demographic and socioeconomic markers in the U.S., 
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researchers did not find strong statistical supports for differential effects of the state income 
inequality across different population groups (Subramanian and Kawachi 2006). Therefore, the 
null results for interaction hypothesis in China are not surprising. China is not an exceptional 
case where some special circumstances are in existence. 
 
6.2 PATTERNS AND EXPLANATIONS 
China has undergone profound economic and social changes during the past two decades. 
Those specifically related with health outcomes are China’s urbanization and nutritional 
transition (Popkin et al. 1993; Popkin 2001). An alarming inequality in China has been reported. 
The World Bank reported that the Gini index in China went up by 2.0 percent a year between 
1990 and 2001. In 2005, the Gini index in China reached an alarming point at 41.5, which was 
much higher than that in developed countries and most developing countries (World Bank 
2005a). These social conditions are background for generating and discussing the research 
hypotheses. This study has found pervasive patterns suggesting incremental income and wealth 
gradients for the obesity outcome but an inverse education–obesity association among Chinese 
adults at the individual-level. At the aggregate-level, the less deprived communities (in terms of 
mean income and mean education) have a slightly inverse association with obesity. Perhaps most 
notably of all, the income inequality is inversely associated with obesity; the direction of 
association is opposite to previous studies reported in more developed countries. Individual level 
income is an important SES marker for obesity, but the relative income is immaterial for obesity. 
Very similar patterns are observed for the BMI outcome. Such patterns of social determinants 
influencing obesity are unique to China, compared with the developing and developed countries’ 
patterns reviewed in Chapter 2 and Chapter 4. The similar patterns observed for both BMI and 
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obesity suggest that the different measure of body weight outcome is not influential to the above 
associations. 
When we bring back the literature, obesity is more prevalent in the lower socioeconomic 
classes in the Western world (Chang and Christakis 2005; McLaren 2007; Mokdad et al. 2003; 
Robert and Reither 2004; Schoenborn et al. 2004; Sobal and Stunkard 1989). For example, using 
NHANES data in recent decades, researchers have shown that low-SES groups in the U.S. were 
at an increased risk of obesity (Wang and Beydoun 2007). In the non-Western world, obesity is 
more prevalent in the higher socioeconomic classes. Further, cross-national evidence shows there 
is a varying relation of SES with obesity between countries at different stages of development 
(McLaren 2007). As income inequality effect on obesity is mainly examined in the Western 
nations, most studies have observed an inverse association while more egalitarian countries have 
observed a null association. This is the background in our examination of socioeconomic 
gradients in obesity.   
Examining China’s patterns described above against the literature, we may realize that 
the patterns tell us that China is a developing country in transition; hence some dimensions of 
socioeconomic disparities in obesity resemble that of the West (such as the education-obesity 
link), some dimensions follow the pattern observed in the less developed nations (such as the 
income-obesity link), while a few patterns (such as inequality-obesity link) exist in their own 
right. The heterogeneous patterns of socioeconomic gradients with respect to obesity are 
accompanied by the dynamic social processes characterized by economic development, 
deepening inequality, urbanization and nutrition transition in China, which were discussed in 
Chapter 3 and Chapter 5. This study shows that it is higher income rather than other dimensions 
of SES that is the strongest predictor of obesity.  
130 
 
Mechanisms through which income may positively influence obesity have been proposed. 
For example, as China continues to become a global economic power, more and more people are 
involved in the nutrition transition characterized by a shift toward an unhealthy diet of higher fat 
and calories and increased inactivity at work or leisure (Du et al. 2002). In the transition, peoples’ 
daily diets rely more on animal food sources, and their lifestyles are increasingly sedentary, with 
less physical activity. As previous studies found, those in the higher SES rank were more 
susceptible to diet transaction. Higher income might be related to higher quality food, moreover, 
it could also be linked with excessive consumption of higher calories and fat condensed food 
(such as animal foods and processed food) (Du et al. 2004). In addition, high income people 
were at increased risk of snacking and shifting away from traditional healthy cooking patterns to 
less healthy cooking patterns and less healthy food (Wang et al. 2008). Hence people with higher 
income and more wealth may increase their risk of obesity. Likewise, China’s massive 
urbanization process has transformed the job functions and dramatically reduced occupation-
related physical activity (Ng, Norton, and Popkin 2009). While the professionals and service 
workers do not differ significantly in their risk of obesity, manual workers have more intensive 
levels of physical activity which prevents them from being obese. However, high educational 
attainment modifies the effects exerted by income and education. This is similar to the protective 
effects of education on general health, and the interpretation may be that people with higher 
educational attainment have more resources for a healthy lifestyle which prevents them from 
being obese. It is consistent with a previous study which found education could influence obesity 
through its association with health literacy which translates into healthy behaviors (Sobal 1991). 
The most consistent finding in model building is that income and education have 
independent effects for one’s obesity risk: income tends to be a risk factor for obesity, whereas 
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education tends to be protective against obesity. Such a pattern, although quite different from 
what was observed in developed countries, was reported in a previous study on the Brazilian 
adult population. Researchers studied cross-sectional randomly selected samples of the adult 
population (>20 years) living in a more developed vs. a less developed regions of Brazil. While 
income was positively associated with the Brazilian adults’ risk of obesity for both sexes and 
both regions, education was slightly inversely associated with obesity for men in a developed 
region, and strongly inversely associated with obesity for women in both regions (Monteiro et al. 
2001). In this study, we observed a very similar pattern in China. This could suggest that in 
societies in transition, income–obesity gradients remain that of a typical developing country’s 
pattern, whereas education–obesity gradients have shifted to that of a typical developed 
country’s pattern.   
 Model 6 with province indicators (Jiangsu and Guangxi) improves the overall model 
estimation. Compared with other provinces, residents in Jiangsu Province had over twice the risk 
of developing obesity, while the residents in Guangxi had half the risk; both were significant at 
the 0.001 level. This result indicated a less-known pattern of regional disparities on one’s risk of 
obesity independent from SES or inequality. The explanations might be found in the energy 
intake and physical activity patterns related with cultural factors and even ethnicity. Previous 
studies have suggested some geographical and cultural factors which were independent from the 
socioeconomic and inequality factors, but these factors may interfere with obesity outcome. For 
example, according to a study on how a vegetable-rich food pattern was related to obesity in 
China, Shi et al. claimed that Jiangsu people were at a higher risk of obesity due to excessive 
intake of energy from their cooking preferences. Jiangsu people’s diet included generous 
portions of vegetables and fruits, but they had a high intake of energy due their cooking methods, 
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namely a generous use of oil for stir-frying vegetables (Shi et al. 2008). This cooking preference 
might be due to local cultural reasons. In addition, Jiangsu people may have a relatively higher or 
excessive intake of sugar in daily cooking and sweet fruits. Compared with other eight provinces 
with majority Han people, Guangxi Autonomous Region is multi-ethnic. There are considerable 
numbers of ethnic groups in Guangxi, including the largest groups of the Zhuang, followed by 
Han, Yao, Miao, Dong, and other 25 smaller ones4. According to a comparative study of obesity 
in the Han ethnic group and the minor ethnic group, there are ethnic differences in overweight 
and obesity between the Han and minority ethnic groups, and a lower prevalence existed in 
minor ethnic group (Zhang et al. 2009). Specifically, in a regional study using data collected in 
Guangxi in 2003-2005 and comparing obesity rates among the Han and the Zhuang ethnic group 
in Guangxi, it was found that the Han were significantly higher than the Zhuang in adults in 
being overweight and obese, and in central obesity rates (Li 2011). In this study, the significantly 
lower risk of obesity in Guangxi adults might be due to the ethnic composition in Guangxi and 
the fact that the minor ethnic groups had lower obesity prevalence. These are social conditions 
beyond SES or inequality that should be considered when comparing regional obesity disparities.  
Of note, the Gini coefficient is strongly and inversely associated with BMI and obesity. 
Even when individual income and relative income were included in the regression, income 
inequality was still significantly related to obesity. The effect is consistent throughout the 
additive models, so it indeed is worthy of attention and needs further investigation.  The 
association shows inverse pattern, opposite to what was observed in literature of European 
countries, OECD countries, and the U.S. This unique finding in China may indicate that the 
inequality may be much higher and more variable in China than in the developed countries, and 
it is possible that this is the reason that we observed a significant negative association between 
                                                          
4 http://www.china.org.cn/e-xibu/2JI/3JI/guanxi/guangxi-ban.htm  Accessed on Jan 14th, 2012. 
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income inequality and obesity in this study. It is probably through psychosocial pathways that a 
high income inequality undermines social capital and increases stress that causes general health 
issues but prevents people from weight gain. 
In summary, both individual-level and community-level socioeconomic factors make an 
independent contribution to the odds of being obese in China. Different dimensions of SES have 
independent, albeit unequal effects on obesity. The pattern is consistent regardless of the macro-
level inequality. Meanwhile, the inverse association between Gini coefficients and obesity risk 
warrants further investigation.  
 
6.3 DATA QUALITY 
A unique feature of this study is the combination of 2006 CHNS and CGSS data sets, the 
most recent complete wave available at the time of writing. The CHNS data were collected at 
multiple levels from selected provinces in China and were the main data source for this study; 
the CGSS data were from a national probability sample which I derived regional inequality data 
to match with CHNS. 
CHNS is widely recognized for studying the nutrition and health issues in contemporary 
China. CHNS data had several clear advantages: the data had excellent measures of key public 
health risk factors and health outcomes. The sample size was large. The data contained a wide 
range of the useful measurements on demographic, social and economic factors at different 
levels. It provided geographic identifiers at the level of region and community (villages in rural 
China and neighborhoods in urban China) in diverse provinces, which vary substantially in 
geography, economic development, public resources and health status. In particular, CHNS data 
have measures of weight and height that are missing from other social surveys in China. Hence 
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this dataset is appealing to sociological study of obesity. CHNS also provides detailed 
community data which are missing from many other individual-level surveys. As shown in 
Chapter 5, the CHNS’s response rate was 88% at the individual-level, and approximately 2% of 
the respondents in my first-cut sample were excluded in the analyses because of missing 
information. Therefore, sampling errors are hardly an issue in the analyses.  
There are several limitations on the data quality which should be aware of in the 
interpretation of the results. First, the CHNS data are not nationally representative and do not 
have sampling weights. Therefore, the results cannot be generalized at the national level. Despite 
this limitation, studies suggest that CHNS data provide consistent results with certain national 
surveys (Chen, Yang, and Liu 2010; Du et al. 2002; Popkin 2008) because the design of data 
assured considerable diversity in socioeconomic factors including income, employment, 
education, and modernization, and related health, nutritional and demographic measures.  
Second, because CHNS community data could not be used to derive income inequality 
measures, it is particularly important to have macro-level measures for income inequality. The 
2006 CGSS data is nationally representative due to its survey design. However, the combination 
of both data sets is possible only at the provincial level because the surveyed counties were not 
exactly the same. However, this feature is advantageous for the examining the income inequality 
hypothesis because larger scale hierarchy data can better reflect the hierarchy in a society 
(Wilkinson and Pickett 2006).  
Third, because the cross-sectional data reflect individual and community characteristics 
and obesity for a specific year, they are unable to uncover the extent to which the effect of 
income inequality on obesity and BMI are causal. Of note, CGSS 2006 data set offers the best 
data available to match with CHNS 2006 by income inequality because CGSS was surveyed 
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nationally only in 2005, 2006 and 2008. Nevertheless, the Gini coefficients were estimated from 
CGSS in a single year and there was no assessment whether the provincial level income 
inequality had lasted for a long period because long-term provincial level income inequality data 
from China are not yet available. Therefore, the time lag issue of income inequality effects on 
mortality raised in previous studies (Lynch et al. 2004b; Subramanian and Kawachi 2006) is not 
addressed in the current study. In addition, although this study used high quality data, there 
might be inherent errors in the survey, including sampling errors, coverage errors and 
measurement errors. However, these errors may be of minor importance (Popkin, Du, Zhai, and 
Zhang 2009). In summary, the results in the multilevel study need to be explained with caution 
based on the limitations and delimitations concerning data quality.  
 
6.4 STRENGTHS AND LIMITATIONS 
The study in Chapter 5 has several strengths. First, it considered a non-Western country 
on income and inequality effects on obesity, while such studies are rather scant. A few studies of 
the income and inequality effects on self-reported health in Argentina (Fernando 2008), China 
(Chen, Yang, and Liu 2010; Li and Zhu 2006) and India (Subramanian, Kawachi, and Smith 
2007) reported mixed, even opposite findings with those in the industrial societies. This study 
adds up to the complexity of the ongoing debate of the health effects from SES and inequality, 
especially in the developing world. The associations between obesity and SES, as well as 
between obesity and inequality in China will shed new light on the literature of health 
inequalities.  
Second, the study in Chapter 5 targets the gap in the literature and considers both 
individual- and community- effects on the risk of obesity. Among the published studies based on 
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data collected in the non-Western countries, multilevel studies on the macro-micro effects on 
health are very limited. The community SES is not often considered in health studies of 
developing societies, probably due to data limitations. Thus, a systematic examination of the 
income hypotheses in developing societies becomes very difficult. In this study, the income-
related hypotheses are evaluated at multiple levels, and also investigated for potential cross-level 
interactions.  
Third, the study in Chapter 5 uses different approaches to evaluate a hypothesis. The 
absolute income and the relative income hypotheses are examined whether they are sensitive to 
different measures used. This study shows that different measures of the absolute income and the 
relative income do not affect the patterns of association presented, suggesting that the results are 
not by chance, but very reliable. 
Fourth, with full awareness of the difficulty to obtain the quality data, I have checked 
every way to ensure the data used in this study are properly matched and cleaned. Unlike the 
cited studies using CHNS data to assess the income inequality hypothesis that examined the 
community income inequality, I do not choose to compute the community Gini coefficients 
directly from CHNS 2006, but combined the provincial Gini coefficients computed from the 
national representative data from the same year CGSS 2006. This approach has never been done 
before, but it is very useful to properly assess the associations between the area-level income 
inequality and health outcomes. Wilkinson and Pickett (2006) strongly argued against the testing 
of the income inequality hypothesis when income inequality is measured in relatively small areas 
(such as communities), as communities are too small to reflect the scale of unequal income 
distribution in a society. Rather, states, larger regions are more proper geographic units. This 
issue is well-taken in this study. Besides, the cross-sectional analysis presented in this study is 
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based on the data collected in 2006. The pattern of the association between SES and obesity and 
inequality and obesity found in this study can be applicable to the current situation.  
This study, however, is subject to several limitations. First, this single-year, cross-
sectional study prevented it from evaluating any causal inferences, the directionality of 
associations or the time lag effects. For example, previous studies indicate that the direction of 
the association between the individual-level SES, inequality and obesity could also be bi-
directional, as found in the U.S. (Pan American Health Organization (PAHO) 2000; Wang and 
Beydoun 2007). The exposure to income inequality affects mortality risk in later years (Lynch et 
al. 2004b; Subramanian and Kawachi 2006).Although this chapter has observed effects of SES 
and inequality on obesity, this cross-sectional design does not provide convincing answers for 
questions on directionality, causal and time lag effects which are interesting topics for further 
research in the area. Plausible answers will only be possible by analyzing quality longitudinal 
data through conceptually sound mechanisms. 
Second, while the sample size is sufficient to draw inferences for the population of 
individual and communities, caution should be taken about drawing extensive inferences, 
because CHNS is not a nationally representative sample of the whole Chinese population but 
only representing the nine provinces. Provinces surveyed in CHNS have a more compact income 
distribution than national income distribution (Chen and Meltzer 2008); therefore, the results 
could not be inferred to other parts of the country that were not part of the survey. A related issue 
of the data quality is the confidentiality restrictions of geographic identifiers: although CHNS is 
widely regarded as one of the best available datasets on China, the smallest geographic unit 
identifiable is province, not county or neighborhoods that are held confidential. Therefore, it is 
not possible to match county-level inequality data from the CGSS with county-level CHNS data.  
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In summary, Chapter 5 considered both traditions in social studies of health, and 
investigated the relationship between socioeconomic disparities, income inequality and obesity 
among Chinese adults, using an explicitly multilevel analytical framework. The study has 
systematically examined whether the link between the absolute income, relevant income, income 
inequality and obesity exist at individual- and community-level, as shown by key hypotheses in 
health inequality. The study has found strong evidence supporting the effects of the absolute 
income and income inequality on obesity, although the direction of association is opposite to 
most studies on self-reported health status. The effect of relative deprivation on obesity is not 
well supported by my sample. This study suggested the necessity to test the income inequality 
hypothesis on obesity in non-Western countries including China, which is more unequal than 
most developed countries.  
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CHAPTER 7: 
 COMMUNITY BUILT ENVIRONMENT AND OBESITY 
 
Since the 1980s, sociology and public health literature documents a variety of contextual 
determinants of obesity. However, little is known about how the community-level obesogenic 
built environment influences obesity in China. In this chapter, I investigate the association 
between one’s access to the community-level built environment and the risk of obesity, and 
further investigate the SES and inequality effects on obesity in different types of built 
environments. I focus on the presence or absence of local fast food restaurants and local sports 
facilities. I first review the theory and evidence of how the local built environment impacts 
obesity, and focus on how one’s access to fast food and sports facilities is associated with 
obesity. The development of China’s context for fast food and sports facilities are reviewed, too. 
Then, I describe study objectives and hypotheses in this Chapter, and introduce data and methods 
used. Finally, the results are presented and discussed in detail.  
 
7.1 THE IMPACT OF THE BUILT ENVIRONMENT ON OBESITY  
        The built environment has long been of interest to researchers on population health. 
Recently, a majority of empirical studies in the Western nations, especially the U.S., reported the 
association between the built environment and individual-level health including mental health 
(Weich et al. 2002), mortality (Pope et al. 2002), and obesity (Morland, Wing, Diez Roux, and 
Poole 2002). In particular, recent attempts to explain the obesity epidemic have come to focus on 
the built environment with growing attention on how the obesogenic environment is equipped for 
diet and physical activity.  
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7.1.1 Defining the Built Environment 
        The built environment, a term relative to the natural environment, can be defined in multiple 
ways. In the social policy literature, the currently most often cited definition originated from 
Health Canada, which defined the broad “built environment” as encompassing all buildings, 
spaces and products that were created, or modified, by people. It includes the land-use planning 
and policies that impact our communities in urban, rural, and suburban areas (Canada 1997). The 
American CDC stated that the built environment could influence health through “the direct 
pathological impacts of various chemical, physical, and biologic agents” as well as “factors in 
the broad physical and social environment, which include housing, urban development, land use, 
transportation, industry, and agriculture” (CDC 2010). In the research literature, a widely cited 
definition is from Handy et al., who defined that the multidimensional “built environment” 
comprised urban design, land use, and the transportation system, and encompassed patterns of 
human activity within the physical environment (Handy et al., 2002). The same authors 
summarized the five interrelated and often correlated dimensions of the built environment at the 
neighborhood scale from previous studies, as described in Table 13. According to this table, the 
built environment encompasses various aspects of the physical environment that are essential for 
daily life, including the land use mix, street connectivity and scale, aesthetic qualities, regional 
structure, and density. Only by understanding the specific dimensions of the built environment 
can neighborhood-based obesity prevention efforts be successful.  
        Booth et al. (2005) summarized major direct and indirect measures of the built environment 
such as area of residence, resources, television, walkability, land use, sprawl, and level of 
deprivation. These measures were derived from different kinds of data including census data, 
GIS data, and street network data. They cautioned the use of the indirect measures because of 
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inaccuracy due to data quality limitations. Hence they concluded that more direct methods of 
assessing the built environment are more desired because they included specific targeting of 
institutions (Booth et al. 2005). In many research settings, only one or a few dimensions of the 
built environment are examined in their influences of human health.  
7.1.2 Previous Research on the Built Environment and Obesity 
Recently, researchers from many fields including sociology, epidemiology, economics, 
geography, urban planning and nutrition sciences have been investigating the impact of the built 
environment on obesity. Among various aspects of the built environment, both the availability of 
local fast food and the accessibility of sports facilities have attracted major attentions in the field 
of obesity research. I first review the evidence that the built environment is associated with body 
weight status (7.1.2.1), and then I review the studies on fast food environment and obesity 
(7.1.2.2), as well as sports environment and obesity (7.1.2.3). Since most published studies were 
conducted in the Western countries, I discuss China’s fast food and sport environment as well as 
related studies later (7.1.3). 
7.1.2.1 Mechanism and Evidence 
Pathways linking the built environment and BMI/body weight status have been 
summarized in Figure 16. As shown in the figure, there are diverse factors ranging from 
individual-level to environmental-level which influence health related behaviors and lifestyles 
that contribute to BMI/body weight status. The built environment influences body weight status 
through a couple of pathways of lifestyle or behavioral factors, of which food consumption and 
physical activity levels are the central elements. A majority of epidemiological evidence supports 
that the built environment can either increase or lower individual risk of obesity via influencing 
physical activity and diet at the individual-level (Feng et al. 2010). For example, neighborhood 
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built environment characteristics such as the presence of sidewalks, enjoyable scenery, and 
heavy traffic were positively associated with physical activity (Brownson et al. 2001).   
The direction of association between the built environment and obesity depends on the 
type of built environment. Contemporary built environments in the Western nations tend to 
increase the risk of obesity as summarized by a review of studies published between 1966 and 
2007 (Papas et al. 2007). For example, in New York City, BMI was significantly and positively 
associated with the built environment characteristics (such as mixed land use, density of bus stop 
and subway stop) after adjustment for individual- and neighborhood-level SES (Rundle et al. 
2007). The increased risk of obesity may be partly explained by decreased physical activity and 
increased unhealthy diets related with the built environment. In America, it was argued that 
various changes in the built environment promoted sedentary lifestyles and less healthy diets that 
lead to a major increase in obesity over the past forty years (Sallis and Glanz 2006). According 
to a study using the 1990 U.S. census data, there was a significant difference in the prevalence of 
overweight residents between the low walkability neighborhoods and high walkability 
neighborhoods (Saelens et al. 2003). Increasing motorized vehicle prevalence and limited 
concessions for pedestrians discouraged walking, hence leading to weight gains. In a study 
investigating the travel preferences among 2,056 adults in Atlanta, researchers found that 
individuals that preferred and lived in car dependent neighborhoods drove the most and walked 
the least, and were associated with higher prevalence of obesity. Thus, they suggested that more 
walkable environment may result in higher levels of physical activity and lower obesity 
prevalence (Frank et al. 2007). Lopez et al. (2000) used multilevel analysis to assess the 
association between urban sprawl and obesity among US adults. They found that for each 1-point 
rise in the urban sprawl index (0-100 scale), the risk for being overweight increased by 0.2% and 
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the risk for being obese increased by 0.5% (Lopez et al. 2000). In a study of the associations 
among urban sprawl, physical activity, obesity, and morbidity, it was found that residents of 
sprawling counties were more likely to walk less during leisure time, have higher body weight, 
and have greater hypertension risk than residents of compact counties (Ewing et al. 2008). 
The burden of the built environment on obesity has been more detrimental for lower SES 
groups and minority populations, according to observational studies from Western countries such 
as the U.K., the Netherlands, Sweden, Australia, the U.S. and Canada. These studies have found 
that environment-contingent dietary patterns and obesity rates vary between neighborhoods in 
such a way that residence in a low-income or deprived neighborhood is independently associated 
with the consumption of a poor diet (Cummins and Macintyre 2006). Similarly, it was found that 
communities with higher proportions of minority races were associated with fewer physical 
activity facilities (Powell et al. 2004). To interpret the health disparities associated with place of 
residence, researchers suggested that they were due to a “deprivation amplification” process, in 
which individual disadvantages were amplified by the disadvantages arising from exposure to 
poorer quality environment in ways which are detrimental to health (Macintyre and Ellaway 
2003a; Macintyre 2007). A number of studies have supported this “deprivation amplification” 
argument: in more deprived neighborhoods, environmental disadvantages, such as lack of access 
to nutritious, affordable food are compounded by individual disadvantages associated with poor 
health outcomes (Chung and Myers 1999; Morland, Wing, Diez Roux, and Poole 2002).  
7.1.2.2 Access to Fast food and Obesity   
 The relationship between one’s access to fast food and obesity has been a major research 
field in studies of the built environment and obesity. Why is fast food linked with increased risk 
of obesity? Fast food consumption is associated with excess energy intake that promotes weight 
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gain and obesity. In addition, poor dietary quality from fast food consumption may increase 
glycemic loads that affect obesity (Bowman et al. 2004; Prentice 2006). In various scenarios, the 
local availability of fast food is used as a proxy of fast food intake leading to obesity. In many 
Western countries, especially the U.S., fast food restaurants have been identified as an 
environmental risk factor for obesity (Jeffery and French 1998). A 15-year prospective analysis 
of 3,031 young black and white adults in the U.S. reported that fast food consumption increased 
one’s risk of weight gain (Pereira et al. 2005). Li et al. examined the density of neighborhood 
fast food outlets and residents’ behavioral, psychosocial, and socio-demographic characteristics 
among 1,221 older residents from 120 neighborhoods. They found increased density of 
neighborhood fast food outlets was associated with unhealthy lifestyles, poorer psychosocial 
profiles, and increased risk of obesity (Li et al. 2009). 
Studies reported that SES, both at the individual and community levels, was linked with 
unequal exposure to fast food. Lower SES subgroups are more vulnerable in their exposure to 
unhealthy food. A higher prevalence of fast food restaurants is found in predominantly black and 
low-income neighborhoods. For example, using census tract-level data, Block et al. (2004) 
reported that, in New Orleans, Louisiana, predominantly black neighborhoods had 2.4 fast-food 
restaurants per square mile compared to 1.5 restaurants in predominantly white neighborhoods. 
This was suggestive of environmental causes of obesity in the low-income, majority black 
neighborhoods (Block et al. 2004). Morland et al. (2002) compared the food retail environment 
between deprived and wealthy neighborhoods. They found that limited access to supermarkets in 
the minority neighborhoods hindered the healthy food choices compared with the nonminority 
and wealthy communities (Morland, Wing, Diez Roux, and Poole 2002). In another study into 
community food environment in selected states of the U.S., the researchers found that different 
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types of neighborhood food environment were associated with body weight outcomes in different 
ways. The presence of supermarkets was associated with a lower prevalence of obese and 
overweight residents, while the presence of convenience stores was associated with a higher 
prevalence (Morland et al. 2006). Similar evidence was found in other countries. For example, in 
Canada, a higher prevalence of fast-food outlets was found in lower SES neighborhoods 
(Hemphill et al. 2008). There were statistically significant positive associations between 
neighborhood deprivation and the mean number of McDonald’s outlets per 1000 people for 
Scotland (p<0.001), England (p<0.001), and both countries combined (Cummins et al. 2005). In 
New Zealand, there was a strong association between neighborhood deprivation and geographic 
access to fast food outlets (Pearce et al. 2007). 
7.1.2.3 Access to Sports Facilities and Obesity 
      In addition to fast food access, many studies have found sports facilities access affecting 
the obesity status. Built environment, in terms of one’s access to sports facilities, influences 
leisure-time physical activity. Gyms, parks, and other sports facilities are part of the built 
environment that offers structured settings for physical exercise. Individuals with greater access 
to recreation facilities are more likely to engage in physical activity, hence are at a lower risk of 
obesity.  
Many studies have demonstrated that the presence or proximity of recreational spaces and 
facilities in local communities could significantly influence people’s physical activity levels and 
health outcomes (Jones and O'Beney 2004). Researchers have specifically examined the 
association between parks and physical activity (Ashworth et al. 1982; Bedimo-Rung et al. 
2005). Many showed that those with more access to parks engaged in more physical activity than 
those with fewer parks (Cohen et al. 2006). Based on a longitudinal cohort study, Wolch et al. 
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found that children with more access to recreational resources were less likely to be overweight 
or obsess than those with less access (Wolch et al. 2011). In a study of environmental 
determinants of physical activity, it was found that both cross-sectional and longitudinal studies 
in the U.S. had shown that access to facilities such as walking trails, swimming pools and gyms 
was positively correlated to physical activity in the American adults and reduced risk of obesity 
(Brownson et al. 2001). Similar evidence is found in the inverse associations between 
playground accessibility and obesity (Scott et al. 2007).   
Studies have reported that lower SES subgroups are more vulnerable in their exposure to 
unhealthy local physical activity settings. In a study of physical activity settings, race, ethnicity 
and SES in U.S. communities, it was found that the availability of pro-physical activity 
environmental factors (such as sports areas, parks and green spaces, public pools and beaches, 
and the presence of bike paths/lanes) were significantly and inversely associated with racial, 
ethnic factors and positively associated with SES factors. Communities with higher proportions 
of minority races such as African American and the race category 'other' were associated with 
fewer physical activity settings, while higher median household income and lower poverty rates 
were associated with increasing levels of available physical activity-related settings (Powell, 
Slater, and Chaloupka 2004). 
7.1.3 China’s Fast Food and Sport Contexts and their Relations to Obesity  
Compared with China’s 5,000-year-old culinary tradition, fast food from Western-style 
outlets is young, yet it has brought about a significant expansion of chain restaurants and 
profoundly changed the food market in China (Miu and Leung 1994). Since the first KFC 
entered Beijing in 1987, there have been three giants on the Chinese fast food market: 
McDonald’s, the world’s largest fast-food chain which entered China in 1990; Yum Brands, 
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which operates the KFC and Pizza Hut brands in China, and Burger King, the world’s second-
largest burger chain which entered China in 2005. In 2008, China had an estimated annual 200 
billion yuan ($29 billion) fast-food market (Economist 2008). According to a CNN news report, 
“Yum opens one new KFC in mainland China almost every day. It already has nearly 3,000 of 
the fried chicken restaurants operating in 650 Chinese cities. That's in addition to 560 Pizza Hut 
locations…. profits from its operations in China surged 33% in the second quarter.” (Rooney 
2010) 
Because fast food in China is a relatively new phenomenon, research on the association 
between access to fast food and obesity in the Chinese population is limited. However, more and 
more attention has been focused on the health consequences (including obesity, hypotension, and 
cardiovascular system function) of fast food consumption over the recent years during the fast 
food expansion in China. In a study of 9,356 children aged 4-16 years from Guangzhou, 
Shanghai, Jinan and Haerbin cities, researchers found childhood risk of obesity was positively 
associated with frequent consumption of fast food (Ma et al. 2004). In a study in Xi’an City, the 
capital city of Shanxi Province in inland China, researchers attempted to identify the school 
environmental factors associated with BMI. They adjusted for socio-demographic factors and 
found that BMI was positively associated with the availability of soft drinks in schools (Li et al. 
2011). According to a cross-sectional study of adolescents from the Jiangsu Province, China, 
higher SES and urban residency were positively associated with a high intake of high-energy 
foods such as such as foods of animal origin, Western style foods and dairy products (Shi et al. 
2005). In addition, Zhang et al. (2011) used a multilevel latent class cluster model to identify 
association between consumer segments, BMI and dietary knowledge in China. They examined 
Chinese adults’ individual preferences of fast food, salty snack foods, and soft drinks and 
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sugared fruit drinks, as well as the food retail environment at the community level. They found 
that the widely observed association between fast-food consumption and overweight and obesity 
levels was irrelevant for Chinese who had no access to fast food. They also found that incorrect 
dietary knowledge and a high-density food retail environment were associated with a higher BMI 
(Zhang et al. 2011).  
Studies on sports and recreational facilities in relation to adult obesity in China are very 
limited compared with the Western literature. This is not only due to the fact that obesity in 
China as a public concern emerged recently, but also due to China’s unique social context of 
sport development. Sport in China has a long history and has experienced a major transformation 
as a result of both active governmental and individual participation in recent decades. In the 
official discourse of China, “Da Zhong Ti Yu” (the mass sport) or “Quan Min Ti Yu” (sport for 
all) targeting the overall population is a term relative to “Jing Ji Ti Yu” (the competitive sport), 
or the so-called “elite sport” targeting athletes trained for the Olympic Games, the Asian games 
or the national games. Previous research has found that Chinese government has different goals 
corresponding to different labels for sporting activities. “Yun Dong” (sport) refers to 
elite/competitive sport which has been controlled and directed by the state for generating 
patriotism, collectivism and building a strong nation state (Aman et al. 2009). “Ti Yu” (physical 
culture) refers to sports and fitness for the masses (sport for all). The guiding principles of 
Chinese domestic policy in physical culture were to strengthen the people’s physiques, enrich 
social and cultural life, and serve the nation (Cao and Brownell 1996).   
For several decades after the foundation of the PRC in 1949, sports and politics were so 
intertwined that Chinese elite sport was taken as a priority (Wu 1999). Since the late 1970s, the 
official attention has shifted to promoting the citizens’ physiques through mass sport. The 
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individual-level or grass root participation in sports has increased Chinese people’s health 
awareness (Jiang 1999). Over the last two decades, the infrastructure of sport, sports values and 
participation forms in China have changed. There are two pathways in this process: urbanization 
stimulated a top-down institutional reconstruction of the sport system; meanwhile, urbanization 
launched a bottom-up rebuilding of sports infrastructures, participation models and sports values. 
Individual pursuits in sports were the driving force in the sports transformation in China (Xiong 
2007).  
However, over the past decades, the sports venues and facilities in China were very 
limited and only accessible to selected population. The governmental funding for mass sport was 
low compared with funding for the elite sport. According to official statistics, by 1995, China 
had 616,000 sports venues nationwide, of which only 44.1% were opened to the public, 21.3% 
were semi-opened to the public, and 34.6% were only opened for professional games and 
training of athletes. Hence 53.5% of the citizens used the street or other open space of residential 
areas for physical exercise purposes (Wu 1999). Even in more recent years, the per capita area of 
sport and recreational facilities are very low and mostly available in urban areas rather than in 
small towns and vast majority of rural areas (Yuan and Zhang 2005). According to summary 
statistics in a report from Standing Committee of Beijing Municipal People’s Congress, by 2003, 
the per capita sports area in China was as low as 1.03 m2. Nationwide, the highest per capita 
sports area was found in Beijing at only 2.20 m2, followed by Guangdong Province (1.91m2) and 
Shanghai (1.79 m2). These numbers were much lower compared with those in the Los Angles in 
the U.S. (18. 39 m2), Sydney in Australia (28.35 m2), Barcelona in Spain (20.71 m2) and Seoul in 
South Korea (11.35 m2) (Zhu 2011). 
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Recently, policy makers in China have started to incorporate the construction of sports 
facilities in their redevelopment plan for enhancing people’s physiques and effective obesity 
control. For example, according to a survey report from Jiangxi Province in south China, policy 
makers realized that the shortage of sports facilities in rural areas was an important risk factor for 
poor physiques of Jiangxi rural residents and a risk factor of obesity. The per capita area of 
sports facilities was only 0.5 m2 in 2010. Local authorities planned to expand this by three times 
in five years in order to reduce obesity and promote healthy lifestyles (Liu and Xu 2011). Policy 
makers in China have also started to adopt programs of increasing adolescents’ physical activity 
levels. For example, since 2009, the Beijing Education Commission has launched a “sunshine 
sports program” and expanded leisure times between classes for promoting physical activity in 
schools (Zhang 2011). 
Research in China has mainly focused on school-aged adolescents rather than adults, 
probably due to data limitations. According to an assessment of physical activity levels among 
adolescents in Xi'an City, China, daily sedentary time was as high as 6.4 hours, among which 3 
hours was spent on homework (Li et al. 2007). The long daily sedentary time was a risk factor of 
developing obesity among school-aged adolescents. Therefore, school environment factors such 
as sports curriculum and physical education (PE) courses were associated with BMI among 
adolescents. The availability of sports facilities (per student playground measured area, gym, and 
sports equipment) was associated with smaller BMIs among students (Li, Dibley, and Yan 2011). 
A recent investigation of overweight and obese Shanghai residents from 332 neighborhoods 
found that overweight and obesity were associated with poor health knowledge and limited local 
opportunities of sport/recreational activities (Wang 2010).   
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7.2 OBJECTIVES, HYPOTHESES AND METHODS  
7.2.1 Objectives and Hypotheses 
      Although studies on the built environment in developed countries have generally shown 
that highly available local fast food is positively related to obesity, and that local sports facilities 
promote physical activity and hence are associated with lower obesity prevalence, little is known 
how the community built environment is associated with adult obesity in China. My specific 
objectives are: (1) to examine the association between the community fast food environment as 
measured by its presence/absence and body weight outcome; (2) to examine the association 
between the community sports environment as measured by its presence/absence and body 
weight outcome; (3) to examine whether the associations between SES and body weight outcome 
are amplified by access to (or lack of) different local built environment contexts, and (4) to 
examine whether the association between income inequality and body weight outcome vary by 
different local built environment contexts. The built environment contexts are measured by the 
combination of presence or absence of fast food restaurants and sports facilities. Based on 
theories and studies reviewed before, my hypotheses are described as follows. 
Hypothesis 9 (the fast food environment hypothesis): Chinese adults with access to fast 
food restaurants are more likely to be obese.  
This hypothesis is generated based on the literature reviewed previously that access to 
fast food is linked with increased risk of being obesity. Portion size, calories and fat of fast food 
are well-known reasons that fast food is an unhealthy diet; hence frequent consumption of fast 
food may increase the risk of obesity. In addition, according to the studies of both adults (Zhang, 
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van der Lans, and Dagevos 2011) and adolescents in China (Li, Dibley, and Yan 2011; Ma et al. 
2004), the association between higher BMI and fast food access has been observed. 
Hypothesis 10 (the sports environment hypothesis): Chinese adults with access to sports 
facilities in the local environment are less likely to be obese.  
This hypothesis is generated based upon the common observation that one’s access to 
sports facilities increases physical activity, which in turn contributes to a lower risk of 
developing obesity. These sports facilities include gyms, parks, and playgrounds. This inverse 
association between sports environment has been observed among children (Wolch et al. 2011), 
adolescents (Li, Dibley, and Yan 2011), and adults (Jones and O'Beney 2004; Li et al. 2011). 
Although corresponding research in China has been very limited, I hypothesize the inverse 
association between the local sports environment based on the previous studies. 
Hypothesis 11 (the environment-individual SES hypothesis): The associations between 
individual SES and risk of obesity are stronger in the local built environment with presence of 
fast food and absence of sports facilities than in other built environment contexts. 
In Chapter 5, I found that high incomes and the low education levels are significant 
factors associated with higher obesity risk. We do not know whether the “deprivation 
amplification” process (Macintyre and Ellaway 2003a; Macintyre 2007) observed in health 
literature applies to the obesity study in China, or whether the observed risk or protective SES 
factors of obesity vary by the local built environment contexts. Therefore, in addition to 
examining the main association between the built environment and obesity, Hypothesis 11 
studies the associations in the stratified setting in order to understand the associations between 
SES and obesity within different built environment contexts and whether the built environment 
amplifies advantages/disadvantages of SES effects in relation to body weight status.  
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Hypothesis 12 (the environment-community SES hypothesis): The associations between 
community SES and risk of obesity are stronger in the local built environment with presence of 
fast food and absence of sports facilities than in other built environment contexts. 
This hypothesis is developed from the similar rationale as Hypothesis 11. While 
Hypothesis 11 focuses on individual SES, Hypothesis 12 focuses on the community SES. As 
reviewed before, disadvantaged or deprived neighborhoods in Western countries are more likely 
to be associated with the unhealthy built environment (Cummins and Macintyre 2006; Macintyre 
2007). We do not know whether the “deprivation amplification” (Macintyre and Ellaway 2003a; 
Macintyre 2007) can be observed in the association between community SES and obesity. The 
presence of fast food and absence of sports facilities is, according to the literature reviewed, the 
most disadvantaged scenario for a healthy body weight. Hence by comparing the results between 
community SES and obesity in this scenario with other different built environment contexts, 
Hypothesis 12 tests whether the built environment amplifies advantages/disadvantages of 
community SES in relation to body weight status.  
Hypothesis 13 (the environment-relative income hypothesis): The association between the 
relative income and risk of obesity is stronger in the local built environment with presence of fast 
food and absence of sports facilities than in other built environment contexts. 
This hypothesis is a further investigation of the relative income hypothesis (Hypothesis 4) 
as presented in Chapter 5. Literature of health disparities have shown that one’s relative position 
or deprivation in the society (or in the other reference group) can affect the health outcome 
(Marmot 2005; Wagstaff and van Doorslaer 2000a), while a number of studies have found the 
relative income does not have significant effects on health (Evans, Hout, and Mayer 2004; Li and 
Zhu 2006) . In Chapter 5, I found that the relative income was not significantly associated with 
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BMI or obesity, yet it is still unknown whether this finding is true in different built environment 
context. Based on the “deprivation amplification” argument described above, I hypothesize that 
the detrimental effect of the relative income on obesity risk is stronger in the least healthy 
context.  
Hypothesis 14 (the environment- the income inequality hypothesis): The association 
between income inequality and risk of obesity is stronger in the local built environment with 
presence of fast food and absence of sports facilities than in other built environment contexts. 
This hypothesis is a further investigation of the income inequality hypothesis in different 
contexts. Wilkinson’s work, representing a major health research tradition, examined the 
detrimental health outcome attributable to high income inequality, and found that rich people’s 
health suffered from a high income inequality as well (Wiklinson 1992, 1996, 1997, 1999, 2006, 
2007, 2009). As reported in the Western countries, the waistband is wider where income 
inequality is higher (Pickett et al. 2005; Robert and Reither 2004; Su, Esqueda, Li, and Pagan 
2012). However, as reported in Chapter 5, each unit increment Gini coefficient was significantly 
associated with a considerable lower obesity risk in China. The direction of association is 
noticeably opposite from what was observed in the developed countries. Yet it is unknown 
whether this significant and inverse association can be observed in different built environment 
contexts, neither is it known whether the magnitude of this association can be amplified or 
weakened in different contexts. Therefore, I hypothesize that the association between income 
inequality and obesity risk is stronger in the least healthy context with presence of fast food and 
absence of sports facilities.  
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7.2.2 Measures 
       The current analysis uses the same data set as described in Chapter 5. Similar to the 
analyses in Chapter 5, the local community is the higher level of analysis. Restricted to 2006 
CHNS sample of adults aged 18 years and older, this study has 9,586 individuals (level 1 units) 
residing in 218 communities (level 2 units). 
7.2.2.1 Dependent Variables 
BMI: It is calculated from weight (in kilograms) by height (in meters) squared. 
Obesity status: This dependent variable is a dichotomous variable that measures whether 
an adult is obese, with “BMI equal to or more than 25 kg/m2” coded as “1,” and “BMI less than 
25 kg/m2” coded as “0”. As described in previous chapters, BMI is calculated by dividing weight 
in kilograms by the square of height in meters.  
7.2.2.2 Independent Variable 
The variables at the individual-level include demographic variables: respondent’s age, 
sex, marital status, and individual-level SES.  
Sex: Sex is a dummy variable with women coded as “1” and men coded as “0”. 
Age: Age is a continuous variable starting from 18 years old. 
Marital Status: This is a dummy variable, with those married coded as “1” and everyone 
else coded as “0.”  
Education: Based on the years of education completed, I created three categories: “low 
education” represents one has no formal schooling or up to 6 years of education, “intermediate 
education” represents one’s highest level of education is 7 to 12 years, and “high education” 
represents one’s highest level of education is 12 years and over. “Low education” is set as the 
reference. 
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Occupation: I group the primary occupations into three categories: professionals; service, 
which is set as the reference group; and the manual occupations are set as the reference group. I 
also include an indicator dummy variable of working status, with those currently in the 
workforce coded as “1”. 
Income: According to the individual-level equalized household income described in 
Chapter 5, the distribution of the five quintiles of income is as follows: very low (-6,440 yuan to 
3,200 yuan); low (3,200 yuan to 6,340 yuan); middle (6,340 yuan to 10,570 yuan); high, (10,570 
yuan to 17,330 yuan) and very high (17,330 yuan to 315,608 yuan), with the lowest income 
quintile set as the reference group.   
Wealth: According to the individual-level wealth scores described in Chapter 5, the five 
wealth quintiles are created, with the lowest quintile set as the reference group.  
The Relative Income: As described in Chapter 5, the relative income can be measured in 
different ways. In this chapter, to be consistent with previous chapters, I report the Deaton’s RDI 
as the relative income measure.  
At the community level, the following variables are included in the analysis: 
Community Mean Income: this is the average income derived from individual-level 
equalized household income.   
Community Mean Education: this is the average length of years in complete education of 
individuals within community. 
Urbanicity Index: this is a continuous index created from 12 components reflecting the 
urbanization characteristics of a community environment.  
Urban Indicator for Community: This is a dummy variable with 1 representing urban 
communities and 0 representing rural communities. 
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 Gini coefficient: As described in Chapter 5, this is derived from CGSS income data of 
each province as a measure of the macro level income inequality.   
Besides the variables described above, in this chapter, I examine the effects of the local 
built environment on the weight outcome. Below are my built environment variables: 
Local Fast Food Environment: The CHNS community survey asked each community 
head the following question: “Are there any fast food restaurants, such as McDonald’s or 
Kentucky Fried Chicken near this village/neighborhood?” The local fast food environment is a 
dichotomous variable indicating the presence or absence of any fast food restaurants in 
community (yes=1, no=0). 
Local Recreational and Sports Environment:  
As part of the CHNS community survey, there were three questions regarding location of 
recreational and sports facilities nearest this village or neighborhood that may be related to 
residents’ physical activity. These facilities included gym or exercise center, park or public 
recreation place (which were defined as spaces with or without facilities for children or adults to 
play or participate in sports/physical activities), and playground (which were defined as spaces 
with facilities for children or adults to play or participate in sports or physical activities which 
were maintained by an institution, school, or government department , but use may be restricted 
for employees of the institution or students of the school only). I create a dummy variable of 
Local Recreational and Sports Environment in the community with “1” representing “any of the 
gym, park or playground is available within community,” and “0” representing “none of these 
facilities are available within community.”  
     Table 14 describes the four community context for understanding the obsogenic 
environment. In order to bring both fast food environment and local recreational environment 
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together, I further define the four types of local obsogenic environment: presence of both fast 
food and sports environment (Presence-Presence); presence of fast food but absence of sports 
environment (Presence-Absence); absence of fast food but presence of sports environment 
(Absence-Presence), and absence of both fast food and sports environment (Absence-Absence). 
Table 15 summarizes the mean and SD of BMI, the number of respondents, the number of obese 
participants and percentage of obese population in each category. As shown in this table, the 
Absence-Absence (i.e. no fast food and no recreational facilities) local context has the largest 
sample size (N=5,222), the lowest mean BMI (23.31 kg/m2), and the lowest obesity prevalence 
(24%). The Presence-Absence (i.e. has fast food but no recreational facilities) local context has 
the smallest sample size, the highest mean BMI (23.99 kg/m2), and highest obesity prevalence 
(34%). The other two local contexts have sample sizes and obesity rates falling between two 
extremes. The Absence-Absence category is set as the reference group in the bivariate and 
multivariate analysis.  
7.2.3 Analysis  
 In the preliminary analysis, I use collinearity diagnostics to test the potential 
multicollinearity between access variables and the variables from previous chapters. I calculate 
bivariate correlations among variables, the absolute values of correlations ranged from 0.00 to 
0.64, which is good evidence suggesting sufficient independent variance to estimate stable 
effects (Wolch et al. 2011). I also check the variance inflation factors (VIF) and examine detailed 
variance proportions of condition indexes. All diagnostics results indicate that multicollinearity 
is not a problem in this study.  
The analysis in Chapter 7 is organized into two steps. The first step tests Hypothesis 9 
and 10 by investigating the main effects of the local built environment on BMI/obesity, and the 
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second step tests Hypothesis 11 to 14 by examining the differences in the associations between 
obesity and study variables (SES, the relative income and income inequality) across the local 
built environment contexts.  
      At the first step of analysis, I proceed with both bivariate and multivariate analysis with 
a similar mode as described in Chapter 5. For the bivariate analysis, I first use the chi-square 
tests to examine the association between fast food, sport facilities accessibility and proportions of 
obese individuals. Then, I use the bivariate regression to study the association between the BMI 
outcome and one’s access to fast food and sport facilities, as well as the association between the 
BMI outcome and the four-category community contexts (with the Absence-Absence context set 
as the reference). In addition, I conduct bivariate logistic regression analyses to predict the 
obesity risk in relation with one’s access to fast food and sports facilities, and the four-category 
community contexts. In the multilevel modeling, I assess the cross-sectional associations of the 
built environment contexts and body weight outcomes as measured by BMI and obesity. The 
BMI of individual i living in community j is considered as a function of demographic 
characteristics and SES, community SES, income inequality as well as community built 
environment. Similarly, I conduct logistic multilevel regressions modeling for the dichotomous 
obesity outcome. Models 1 and 2 examine the main effect of fast food restaurants and sports 
facilities respectively; Model 3 examines the main effect of local built environment context.  
In order to test Hypothesis 11 to 14 and obtain a full picture of the built environment 
effects on obesity, in the second step of analysis, I examine the associations between 
BMI/obesity and study variables as described in the best model of Chapter 5 stratified by the four 
built environment contexts. When stratified, those individual and community level variables may 
have varying effects on across contexts. Among various methods introduced in literature, the 
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likelihood ratio test (LRT) is a useful and flexible way to test the equality of GLM and logit 
coefficients across multiple social groups (Liao 2002; Liao 2004). Hence I use the LRT to test 
differences between the four contexts with all coefficients considered altogether. 
To conduct the stratified analysis, I have four stratified models on the four contexts, i.e. 
from Absence-Absence to Presence-Presence. All the models have the same parameters as the 
overall model, and the subsample in each stratum adds up to the total sample in the overall 
model. According to Liao (2002), the null hypothesis for testing parameter equality among G 
(where g running from 1 to G) multiple groups is that the parameters are equal across the G 
groups, namely: 
                           (7.1) 
The alternative hypothesis Ha is that at least one such equality does not hold. The LRT statistic 
for testing parameter equality among G (where g running from 1 to G) multiple groups is 
       ( ̂)  ∑ [   (  ̂)]
 
                
       (7.2) 
where    ( ̂) is the -2log-likelihood function for the overall model, and    (  ̂) is the -2log-
likelihood function for an sub-model in a stratum. Hence the test of equality between parameters 
is based on the difference between the -2log-likelihood function for the overall model and the 
sum of the -2log-likelihood function for each stratum. The LRT calculated is    distributed, 
because the sum or difference) of two (or more)     distributions follows a     distribution, too. 
The degree of freedom for LRT is the difference of the degrees of freedom related to the overall 
model and the sum of individual models in the G strata. In the current study, G=4.   
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7.3 RESULTS 
7.3.1 Bivariate Analyses Results 
Bivariate analyses that examine the associations between predictors and BMI vs. obesity 
outcomes are presented in Table 16 to Table 18. Table 16 describes the associations between fast 
food accessibility and the obesity outcome. Table 17 describes the associations between sports 
facilities accessibility and the obesity outcome. Table 18 summarizes the bivariate results of 
dichotomous fast food restaurants accessibility variable with the outcomes, dichotomous sports 
facilities variable with the outcomes, and the four-category community contexts with the 
outcomes.  
7.3.1.1 Fast Food Accessibility and Obesity 
The associations between fast food accessibility and the proportion of obese individuals 
are examined using chi-square tests. Table 16 shows that among those who have access to fast 
food, 30.81% are obese, whereas among those who have no access to fast food, 25.47% are 
obese. The Chi-square test indicates that differences observed are statistically significant at 
p<.001 level. In the bivarate analysis, as shown in Table 18, individuals with fast food access 
have an approximately 30% higher risk of obesity, significant at p<.001 level. Similar significant 
positive association is observed when continuous BMI is the outcome variable.   
7.3.1.2 Access to Sports Facilities and Obesity 
Association between sports facilities accessibility variables and the proportion of obese 
individuals are examined using chi-square tests. Table 17 shows that among those who have 
access to sports facilities, 27.54% are obese, whereas among those who have no access, 25.64% 
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are obese. The Chi-square test indicates that differences observed are statistically significant at 
p<0.05 level. As shown in Table 18, individuals with sports facilities access have approximately 
10% higher risk of obesity at p<0.05 level. Similar positive association was observed when we 
examine BMI as a continuous variable.   
7.3.1.3 Fast Food and Facilities Contexts in Relation to Obesity 
The accessibility of fast food restaurants and sports facilities varies across different 
communities. In order to examine how one’s risk of obesity may vary by bringing local fast food 
and local sports facilities environments together, I further examine the four-category community 
context variable in relation to the BMI and obesity outcomes. As shown in Table 18, compared 
with those who have no access to fast food and no sports facilities, individuals who have access 
to fast food but not sports facilities have an approximately 62% statistically significant higher 
risk of obesity, while individuals who have access to sports facilities but no access to fast food 
have an approximately 18% statistically significant higher risk of obesity. This is because the 
bivariate association between sports facilities and obesity is positive (OR=1.102, p<0.05). 
Compared with the reference group (Absence-Absence), the Absence-Presence context is 
positively associated with obesity. However, individuals who have local access to both do not 
differ significantly from those with access to neither in their risk of obesity. Similar associations 
are observed when I examine the continuous BMI as the outcome variable.  
In summary, the above bivariate results suggest that (1) individuals with access to either 
fast food or sports facilities have a significantly higher risk of obesity than those with no access; 
(2) individuals with access to fast food restaurants but limited access to sports facilities are at the 
highest risk of obesity; (3) limited access to fast food restaurants but access to sports facilities 
could significantly, though modestly, affect one’s risk of obesity in bivariate associations; (4) 
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although individuals with access to both fast food and sports facilities are at higher risk of 
obesity than those with access to neither, the difference is not statistically significant; (5) 
compared with sports facilities environment, food environment seems to be a stronger factor with 
regard to obesity risk. 
7.3.2 Multivariate Analysis Results 
        In addition to the bivariate analysis, I further conduct two sets of multivariable analysis to 
examine effects of the local built environment on the continuous BMI outcome, as shown in 
Table 19 and on the dichotomous obesity outcome, as shown Table 20. Based on the best model 
in Chapter 5, in each set, Model 1 examines the effect of the dummy variable of fast food 
restaurants accessibility controlling for individual and community-level characteristics. Model 2 
examines the effect of the dummy variable of sports facilities accessibility controlling for 
individual and community-level characteristics. Further, Model 3 examines associations of both 
fast food and sports facilities controlling for the other factors examined in Chapter 5.  
As shown in the tables, the significant association observed in the bivariate analysis 
became attenuated (Model 3 for BMI outcome) and non-significant (Model 1and 2 for BMI 
outcome and all three models for obesity outcome) in the multivariate setting, controlling for 
individual and community-level characteristics. Meanwhile, in all models, individual SES (as 
measured by occupation, income and wealth) and income inequality effects remained significant. 
The results suggests that compared with other factors examined in Chapter 5, accessibility to fast 
food restaurants and sports facilities might be a weaker factor to predict obesity risk. Although 
bivariate results are against Hypothesis 9, the multivariate results do not support Hypothesis 9 or 
Hypothesis 10 when the individual and community-level characteristics are controlled for.  
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7.3.3 Stratified Analysis Results 
I further conduct stratified analysis, which examines whether SES and income inequality 
effects on BMI/obesity vary across local built environment contexts, and whether these effects 
are greater in the local built environment context with presence of fast food and absence of sports 
facilities than in other contexts. The results for the continuous BMI outcome are shown in Table 
21, and results for the dichotomous obesity outcome are shown in Table 22. In each table, I have 
estimated five models with the same explanatory variables5. The overall model is the best model 
(Model 6) in Chapter 5.The overall model represents the null hypothesis that the associations 
between individual and community level variables and body weight outcomes are equal across 
different local built environment contexts. The four stratified models, each representing a nested 
sample from the overall model, are the four strata. Applying the LRT, the SES and inequality 
effects on obesity in four separate models can be compared with each other for equality.  
7.3.1.1 Comparing Contexts Differences by LRT 
The LRT tests differences between the four contexts with all coefficients taken as a 
whole. In Table 21, the LRT statistic has a value of 145.958 on 74 degrees of freedom (p<0.001). 
In Table 22, the LRT statistic has a value of 102.646 on 74 degrees of freedom (p<0.05). With 
the above results of the LRT, in both tables, the null hypothesis for parameter equality across 
contexts as represented by formula (7.1) is rejected. As shown in both tables, when we examine 
SES and inequality effects on BMI/obesity stratified by contexts, the associations between 
obesity and education, income, wealth and occupation become amplified or attenuated, even 
non-significant, compared with the overall model. The amplified or attenuated effects are also 
                                                          
5 I also evaluated Model 7 and Model 8 in Chapter 5 in a stratified setting.  Similar with what was observed and 
reported in Ch5, none of the interaction term has significant effect on the outcome. Alcohol consumption effect is 
not significant, either. Compared with Model 6, Model 7 and Model 8 do not improve model fit. Therefore, in this 
Chapter, I choose Model 6 in Chapter 5 as the overall model.  
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observed in community level characteristics including community mean income and education, 
urban index and urbanicity index score. While age remains significantly positively associated 
with body weight outcomes, marital status effect is attenuated the Presence-Absence and 
Presence-Presence contexts. However, the association between Gini and BMI/obesity remains 
significant across the strata.  
7.3.1.2 SES Effects Varied By Contexts 
SES effects on BMI/obesity vary by context, as shown in both tables. Most associations 
between obesity and individual SES and community SES are stronger in the Presence-Absence 
context than other contexts, and stronger than in the overall model. For example, in the other 
three contexts, the education effect on obesity has been much attenuated and largely non-
significant. In the Presence-Absence environment, higher education retains to be a significant 
protective factor for BMI (a lower BMI by -1.057 kg/m2, p<0.01 for the intermediate educational 
attainment; a lower BMI by -2.435 kg/m2, p<0.001 for the high educational attainment) and risk 
of obesity (OR=0.528, p<0.01 for the intermediate educational attainment; OR=0.155, p<0.001 
for the high educational attainment). Similarly, in the Presence-Absence context, higher 
individual income is significantly and positively associated with BMI and risk of obesity 
(OR=3.807, p<0.05 for the 4th quintile). Each 1000 yuan increase in community mean income is 
associated with lower BMI by 0.121 kg/m2 (p<0.01) and risk of obesity (OR=0.919, p<0.001). 
By comparison, in the overall setting, the magnitudes of SES effects are smaller: the highest 
educational attainment is associated with a lower BMI by -0.473 kg/m2 (p<0.05) and a lower 
odds ratio of 0.739 (p<0.05) for obesity, the 4th income quintile is associated with a higher odds 
ratio of 1.448 (p<0.01) for obesity, whereas each 1000 yuan increase in community mean income 
is associated with lower BMI by 0.024 kg/m2 (p<0.05).   
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Besides the amplified income and education effects on obesity in the Presence-Presence 
context, having a manual occupation is significantly associated with a lower BMI (by 0.489 
kg/m2 , p<0.001) and a lower obesity risk (OR=0.692, p<0.001) in the Absence-Absence 
environment. In the Presence-Presence context, the highest educational attainment category is 
significantly associated with a lower BMI by 1.105 kg/m2 (p<0.05) compared with the reference 
group. In the Absence-Presence context, those in the 4th and 5th income quintiles have 1.869 and 
2.467 times higher risks of obesity (p<0.05) compared with those in the lowest income quintile. 
These scattered amplified SES effects on obesity in different contexts compared with the overall 
setting show that the individual and community level variables have varying effects on 
BMI/obesity across contexts. 
Liao (2004) offered the approach of using the Wald tests for multiple models’ parameter 
comparison. Using Wald test, we also find that SES effects vary significantly by context. For 
example, the Wald statistic for high education attainment between the Presence-Absence and 
Presence-Presence context is 282.41 with 1 degree of freedom, significant at the 0.001 level. 
The above results also suggest that the effects of SES on BMI/obesity are amplified in the 
context that tends to encourage unhealthy life styles. Hypothesis 11 and Hypothesis 12 are 
supported. As we recall the descriptive data in Table 15, the Absence-Absence context has the 
lowest mean BMI (23.21 kg/m2) and the lowest obesity prevalence (24%) while the Presence-
Absence context has the highest mean BMI (23.99 kg/m2) and highest obesity prevalence (34%). 
Absence-Presence and Presence-Presence contexts have a similar mean BMI (23.44 kg/m2 and 
23.23 kg/m2, respectively) and obesity prevalence (28% and 27%). These results are consistent 
with the finding that the Presence-Absence context shows stronger significant SES-obesity 
association than other environment categories. 
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7.3.1.3 Inequality Effects On Obesity Across Contexts 
Hypothesis 13 and 14 examine the inequality effects on obesity across contexts. As 
shown in both tables, the relative income effect on BMI/obesity is not significant in any of the 
four contexts, exactly as what we observed in Chapter 5. Hypothesis 13 is not supported. By 
contrast, the negative income inequality effect on BMI/obesity is strongly significant and 
consistent across contexts. We can get the same results by applying the Wald test to compare 
the Gini coefficient effect in the various contexts. For example, in Presence-Absence vs. 
Presence-Presence context, the Wald statistic calculated is 0.092, which is very small at one 
degree of freedom. Hence the equal estimates hypothesis of the Wald test is retained. With each 
0.01 or 1% increase in the Gini coefficient, the odds ratio (significant at the 0.001 level) of being 
obese is decreased by 7% in the overall model, and decreased by 6% to 8% across the contexts. 
The magnitude of income inequality effect on obesity is quite sizable, for example, the difference 
between a community in Shandong and another in Hunan would have a difference of 21% in 
obesity prevalence. Therefore, Hypothesis 14 is not supported. By contrast, we observed that 
higher level inequality has a consistently negative impact on BMI/obesity regardless of the 
context.  
Similarly, the province indicator variable has a consistent impact on BMI/obesity 
regardless of the contexts. Residents have a higher obesity risk in Jiangsu (as high as 2 to 3 
times) and a 50% lower risk in Guangxi. Because Guangxi Province has no communities with 
the presence of fast food restaurants and the absence of sports facilities, the effect of Guangxi is 
not reported in the Presence-Absence context.  
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7.4 DISCUSSION  
  In this chapter, I have conducted a quantitative evaluation of the association between 
obesity and the accessibility of local fast food restaurants and sports facilities among the Chinese 
adults. The results show, in bivariate associations, that the Chinese adults’ access to local fast 
food restaurants or their access to sports facilities could significantly increase one's risk of 
obesity. In addition to studying the individual effect of fast food and sports facilities accessibility 
separately, four community contexts are examined. When both fast food and sports facilities are 
accessible, compared with the context of access to neither, in bivariate analysis, significant 
higher obesity risks are associated with the context with access to both, compared with those 
with access to neither. My multilevel models use data on access to fast food restaurants and 
recreational facilities, as well as data of individual characteristics and community characteristics. 
However, in a multivariate setting with other factors in Chapter 5 (such as individual SES and 
community characteristics) taken into account, the significant associations with fast food, sports 
facilities and context observed in bivariate results become attenuated and not significant. In the 
stratified results, the effect of education and income on obesity in the Presence-Presence 
environment is stronger than in other environment categories. Very similar results are found for 
both continuous BMI outcome and dichotomous obesity outcome. I discuss the main results in 
more details as follows. 
7.4.1 Fast Food Restaurants Accessibility and Obesity 
The positive association between fast food accessibility and obesity as observed in our 
study is consistent with the majority of literature on this topic showing a positive association 
between access to fast food and obesity risk. For example, a study conducted in America showed 
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that individuals with access to fast food had a 16% higher risk of developing obesity (Morland et 
al 2006). Similar positive associations were also observed in a study of adolescents (Kipke et al. 
2007). However, such results should be interpreted with caution: on one hand, significant effects 
are observed in bivariate analysis; on the other hand, in multivariate setting, the associations 
become attenuated.  
Access to fast food may influence the risk of obesity through several mechanisms. First, 
individuals who have access to fast food tend to have a higher caloric intake and poorer dietary 
quality, which are established risk factors for obesity. For example, Prentice and Jebb (2003) 
studied the mechanistic link between fast foods, energy density and obesity and found that 
regular consumption of fast food is likely to result in consumption of excess energy, and hence 
promote weight gain. People who consumed fast food, compared with those who did not, take in 
more total energy, more energy per gram of food, more total fat, total carbohydrates, added 
sugars and sugar-sweetened beverages but less fiber, milk, fruits and nonstarchy vegetables 
(Bowman et al. 2004). Furthermore, individuals who have access to fast food may also have 
unhealthy lifestyles that may increase obesity. For example, studies showed fast food is 
correlated with sedentary behaviors among adolescents (Utter et al. 2003) as well as adults 
(Jeffery and French 1998). It remains possible that frequent consumption of fast food could 
simply be a marker for a generally unhealthy lifestyle, such as less restrained eating behavior, 
fatty and sweet food preferences, and a sedentary lifestyle (Stender, Dyerberg et al. 2007) which 
increases obesity.  
 Of note, the positive association between accessibility to fast food and the obesity 
outcome observed in the bivariate analysis become attenuated and non-significant after other 
factors are taken into account. This result, although less intuitive to understand, indicates two 
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possibilities. First, compared with the factors affecting the obesity outcome such as individual 
SES and community inequality, access to fast food might be a weaker factor influencing obesity. 
As noted earlier, there was no significant collenarity between accessibility to fast food and SES 
or other variables in the multivariate setting, thus the associations observed here are less likely to 
be exclusively accounted for by collenarity concerns. In addition, access to fast food might not 
be a good surrogate to real fast food consumption in China. In fact, this is not a unique case in 
China. An Australia study examining associations between density of and proximity to fast food 
outlets and body weight found that, although consumption of fast food was associated with 
higher risk of obesity, there was no evidence indicating exposure to fast food outlets in the local 
neighborhood increased the risk of obesity (Crawford et al. 2008). Nonetheless, it is the frequent 
consumption of fast food that is really related to being overweight and/or obese. One’s access to 
fast food restaurants should not be taken as the frequent consumption itself. Future studies will 
be more informative with the frequency of fast food consumption.  
7.4.2 Sports Facilities Accessibility and Obesity 
 One’s access to sports facilities is associated with an increased, yet modest, risk of 
obesity in the bivariate analysis. This positive association needs to be interpreted with caution. 
First, this finding might be due to chance, rather than due to real differences, given the 
magnitude of the association (OR=1.102 which is quite close to 1). Indeed, there is not much 
difference in the percentage of obese population whether sports facilities are accessible in 
communities (27.54% in communities with sports facilities vs. 25.64% in communities with no 
recreational facilities). Secondly, access to sport facilities may not reflect an individual’s daily 
physical activity level, which is the real influential factor for one’s weight status. Rather, the 
access to sports facilities may partly reflect the income levels of residents.  
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 A community might have some sports facilities (such as gyms and parks), yet they are not 
equally accessible by all residents, due to the costs, the schedule, or subjective individual tastes 
and preferences. For example, a study of spatial distribution of public recreational programs in 
southern California found that minority populations and those with low household incomes were 
disadvantaged with respect to recreation provisions (Dahmann et al. 2010). In addition, the 
modest positive association in the bivariate analysis becomes non-significant after controlling for 
other factors such as income in the multivariable analysis. This suggests that access to sports 
facilities is not an important factor to predict obesity risk compared with the factors identified in 
Chapter 5. In China, areas with a high income population are more likely to have a facility such 
as a gym. In this study, in communities with sports facilities available, 48.45% of the randomly 
sampled residents are in the top two income quintiles, whereas in communities with no sports 
facilities available, 34.96% of the randomly sampled residents are in the top two income 
quintiles. Therefore, the positive association observed for access to sports facilities with obesity 
may partly represent the associations observed for high income population, which I have 
reported and discussed in early chapters. In fact, as a previous study has pointed out, the sports 
facilities in China, such as gyms, were pricy and therefore access to these facilities were related 
to prestige, rather than daily activities (French and Crabbe 2010).  
7.4.3 The Built Environment and Obesity  
 This chapter began with a question: Can the local obsogenic built environment influence 
one’s risk of obesity? Therefore, in addition to examining the fast food accessibility and sports 
facilities accessibility separately, I bring the two together and study the potential effects of 
different categories of community built environment on body weight status. As summarized 
previously, the bivariate analysis shows significant positive association between body weight 
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outcome in the Presence-Absence and Absence-Presence categories, and non-significant positive 
association for the Presence-Presence category (with the Absence-Absence category set as the 
reference); meanwhile, in the multivariate analysis, both significant associations become 
attenuated and non-significant. The bivariate results are consistent with the majority of the 
literature in the finding that access to fast food increases one’s obesity risk. In addition, 
compared with local sports facilities environment, local fast food environment may appear to be 
more relevant to the body weight status.  
 The multivariate results show that compared with the factors identified in Chapter 5, 
especially individual income, wealth and education, the community built environment is not an 
important factor in predicting obesity risk. For example, in early chapters, high income 
significantly increases the risk of obesity among individuals, which is consistent with previous 
studies in China. In the current study, those with high income are likely to live in communities 
with fast food and sports facilities access. For those who have fast food access, 59.86% belong to 
the top two income quintiles, whereas for those who don’t, only 36.07% belong to the top two 
income quintiles. For those who have gym access, 60.67% belong to the top two income 
quintiles, whereas for those who don’t, only 36.26% belong to the top two income quintiles. 
Examined separately, either high income or access to the fast food restaurants can increase 
obesity risk. Taken together, high income is more important in influencing everyday diet than 
fast food access. It was observed that in China, increased income might have affected diets in a 
detrimental manner to health, as the diets within higher-income groups are characterized by 
animal foods and other higher energy and fat density foods (Du, Mroz, Zhai, and Popkin 2004). 
According to a study using national representative data from the 2002 China National Nutrition 
and Health Survey, high income, alcohol consumption and high-fat dietary pattern were risk 
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factors for obesity among Chinese professionals (Ma et al. 2007). Even without the fast food 
access, high-income people can still follow a high-fat and high-energy dietary pattern that tends 
to increase obesity risk. Similarly, high-income people in China may live a sedentary lifestyle 
even though they live in communities with access to recreational facilities.  
With regard to whether and how the built environment influences one’s risk of obesity, 
evidence suggests a moderate association rather than strong associations or null associations 
(Feng et al. 2010). Bringing back the ecological model relating the built environment to physical 
activity, diet and body weight in Figure 16, the built environment may positively or negatively 
influence weight outcome by behavior pathways. Chinese adults’ access to fast food and sports 
facilities may increase the risk of obesity in relation with the obesity outcome, but the 
associations are modest at best. This is because access to fast food and sports facilities could not 
fully reflect changes in diet and physical activity levels, which are more valid determinants of 
body weight. It has been confirmed in the “nutrition transition” literature that as China continues 
to develop, people rely more on animal source foods and have increasingly sedentary lifestyles 
and reduced physical activity (Du, Lu, Zhai, and Popkin 2002; Popkin et al. 1993; Popkin et al. 
1995; Popkin 1999). In this study, the accessibility of fast food and sports facilities in China is 
not a very good proxy of real diet and physical activity at the individual level. Whether the built 
environment in China has causal relations with diet choices, or the built environment’s effects on 
overall physical activity remain to be elucidated for future research. There is relatively strong 
evidence of the association between fast food consumption and obesity, but the exposure to fast 
food does not necessarily increase the risk of obesity.  
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7.4.4 SES Effects by Contexts 
 From stratified analysis, we can observe in detail whether and how the effects of 
individual- and community- level SES on BMI/obesity may differ across contexts. There are two 
major findings from the stratified analysis: First, the different contexts of the built environment 
can influence the associations between SES and BMI/obesity. Based on the LRT, the parameter 
equality hypothesis across contexts is rejected. Compared with the overall setting, the 
associations between BMI/obesity and education, income, wealth and occupation become 
amplified or attenuated, even non-significant in different contexts. Second, the amplified 
advantage/disadvantage of SES effects on obesity mainly clustered in the Presence-Absence 
context, supporting Hypothesis 11 and 12.  
The most prominent amplified SES effects are observed in education, income and 
community mean income. The results are consistent with the way that education and income may 
affect one’s health literacy and health behavior. A majority of studies on SES effects on health 
reported that higher educational attainment is generally related to better health and longer lives 
through pathways of cumulative advantage and healthy life styles (Mirowsky and Ross 2003; 
Winkleby et al. 1992), while evidence from the developed world shows a very consistent inverse 
income-obesity link (McLaren 2007; Sobal 1991). The individuals with higher income in the 
developing countries may be exposed to a more calorie-density diet, and this disadvantage effect 
of income on obesity can be amplified in contexts with access to the fast food. Previous studies 
among Chinese adults have found that high income was associated with increased risk of obesity 
through unhealthy diets (Li et al. 2005; Ma et al. 2007) and sedentary lifestyles (Yang et al. 
2005a), while higher education level was associated with a healthier diet and a lower prevalence 
of overweight/obesity (Woo et al. 1999).  
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Conceptually, this is consistent with the “deprivation amplification” observed in health 
studies that exposure to the poor neighborhood food and physical activity environment may 
amplify the association between low SES and poor health (Macintyre 2007). In China, high 
levels of education are associated with a much lower odds ratio of developing obesity in the 
Presence-Absence context that has fast food but no sports facilities. Yet the protective effect of 
education on obesity is not observed when the local built environment has no fast food or no 
sports facilities. Such differences may be interpreted that people with higher levels of education 
have more health literacy and keep healthier lifestyles than those with lower levels of education. 
When there is no environmental obesity-related risk factor such as the presence of fast food, the 
relative advantage associated with higher levels of education in relation to obesity outcome is not 
evident; however, when the fast food is available locally, the relative advantage associated with 
higher levels of education is significant. The amplified income effect and community mean 
income effect on obesity in the Presence-Absence context can be understood in a similar way. A 
higher mean community income is associated with a lower obesity risk, significant at the 0.01 
level in the Presence-Absence context, which is consistent with the Western observation that the 
less deprived communities are associated with better health and a lower prevalence of obesity 
(Morland, Diez Roux, and Wing 2006; Robert 1998).  
In addition to the amplified SES effects on obesity in the Presence-Absence context, we 
observe that the significant effect of having a manual occupation in the overall model is found 
only in the Absence-Absence context. This is not beyond our expectation, as in the least 
developed context, the manual workers are obviously less likely to be obese due to the high level 
of physical activity in their work. Comparing the results across the contexts with the overall 
model, we may also find that the significant effect of high education in the overall model is still 
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significant and lowers the obesity risk in the Presence-Presence setting. This is further proof that 
high education and high health literacy are protective factors of obesity when the built 
environment has both fast food and sports facilities. In summary, the significant LR test reported 
in 7.3.1.1 and results from the associations between BMI/obesity and SES examined in stratified 
contexts (7.3.1.2) lead to our conclusion that the SES effects on obesity depend on the context of 
the built environment.   
7.4.5 Income Inequality Effects Invariant of Contexts 
In contrast to the conditional SES effects by contexts, on the other side of the coin, we 
observe that a strong, negative income inequality effect that is invariant of contexts. Although 
the relative income effect has insignificant impacts on BMI/obesity in all the four contexts, the 
Gini coefficient has a consistent, significant inverse relation to BMI/obesity.  
The stratified analysis results show that being less economically deprived (i.e. with a 
higher relative income) does not have a higher obesity risk that is significant, regardless of the 
context. The null result concerning Hypothesis 4 (the relative income hypothesis) in the overall 
setting reported in Chapter 5 still stands as I examine Hypothesis 13 (the environment-relative 
income hypothesis) in the stratified analysis. Once again, the individual-level relative income is 
an irrelevant factor of obesity when other factors such as the individual income and Gini 
coefficient are taken into consideration. This suggests that in China, obesity is related to the 
differences in individual income or absolute material living standards, but not related to the 
comparisons of income position examined within a small reference group (such as a community). 
However, obesity outcome in China is sensitive to larger scale income stratification and 
distribution, which can be assessed by provincial Gini coefficients.   
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We observe the opposite of the phenomenon described by Wilkinson et al. (1992, 1996, 
2006, 2009) that “more unequal is associated with less healthy” in the study of Gini coefficient 
in relation to obesity, and specifically, “wider income gaps, wider waistbands" in Europe (Pickett 
et al. 2005) and OECD countries (Su, Esqueda, Li, and Pagan 2012). Instead, the results 
demonstrate a pattern of “the more unequal, the less obese”, which is counter to our initial 
conjecture that those who live in communities with greater income inequality are more likely to 
be obese (as described in Hypothesis 6 and Hypothesis 14). Moreover, the significant inverse 
association between income inequality and obesity does not change across different built 
environment contexts because the Wald test statistics cannot reject the parameter equity 
hypothesis. Regrettably, the existing literature has very limited interpretation on the mechanism 
that inequality affects obesity in developing countries. As reported in a study of older adults in 
China by Ling (2009), the community-level Gini coefficients had a significant and negative 
impact on the probability of being overweight, but a significant and positive impact on the 
waistline. Ling did not explain the mechanism. The current study, rising from the inconclusive 
findings of previous studies, is the first to find consistently strong negative effect of inequality 
and attempts to interpret the significant inverse inequality-obesity association observed in China. 
Is the negative effect of inequality due unmeasured variables unique for the provinces, 
rather than the effect of inequality? I address this question by two additional set of analyses. 
First, I replace the Gini coefficient by the provincial dummy variables (with Shandong set as the 
reference because Shandong has the lowest level of inequality) in the overall model and the 
stratified analysis for both BMI and obesity outcomes. There are no significant differences to any 
part of the main analysis in terms of the coefficients especially the SES effects. The comparison 
between the stratified setting and the overall setting is still significant. Second, in order to 
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determine whether there are unmeasured, innate provincial factors, I conduct obesity/BMI 
change from 1989 to 2006 by examining the obesity prevalence and mean BMI by province in 
1989, and compare the results with those in 2006.  If there were innate provincial characteristics 
that are associated with obesity, these factors should be there in 1989 when inequality was still 
mostly low. Instead, if inequality is at work, the increase in obesity-BMI should correlate 
significantly and negatively with inequality. I find that in 1989, the income inequality in China 
was lower and the regional differences were smaller than those in 2006. In 1989, the obesity 
prevalence in each province was much lower than that in 2006, and the provincial difference in 
obesity prevalence were much smaller. The aggregate-level 1989-2006 BMI as well as obesity 
change showed a strong negative correlation with inequality. The Pearson correlation between 
the change of obesity prevalence and Gini coefficient in 2006 was -0.43 (p<0.001). Similarly, the 
mean BMI in each province was lower than that in 2006, and the provincial difference in the 
mean BMI was smaller. The Pearson correlation between the change of mean BMI and Gini 
coefficient in 2006 was -0.21 (p<0.001).  There results imply that thes change in BMI and 
obesity between 1989 and 2006 are associated with inequality rather than the innate 
characteristics of the provinces.  
According to the argument of “income inequality and social dysfunction”, a fundamental 
point of the income inequality hypothesis in Western societies, population health tends to be 
better in societies where income is more equally distributed. A health outcome is sensitive to the 
scale of social stratification and status competition underpinned by societal differences in 
material inequality (Wilkinson and Pickett 2009). The potential pathways included 
disinvestments in human capital which causes poorer health (Kaplan et al. 1996), the erosion of 
social capital and social cohesion (Kawachi and Kennedy 1997; Subramanian and Kawachi 2004; 
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Wilkinson 1996), or psychosocial effects of social comparisons (Kondo et al. 2008; Lynch et al. 
2000; Marmot and Wilkinson 2001). For example, researchers interpreted that an increased 
prevalence of obesity in developed countries might be a consequence of the psychosocial impact 
of living in a more hierarchical society (Pickett et al. 2005). However, China has a much higher 
Gini coefficient than many developed countries. Different regions in China are much more 
unequal with a Gini coefficient of 0.39 or more. At such high levels, the mechanisms found in 
Western countries through which income inequality negatively affects health, including 
disinvestments in human capital (such as education and social services), erosion of social capital 
and social cohesion, and psychosocial effects of social comparisons, may be common problems 
to all provinces. Therefore, the psychosocial impact of living in a hierarchical society on obesity 
observed in the developed countries may not be illustrative to China’s case. 
There are two potential interpretations of the inverse association between inequality and 
obesity. Firstly, the psychosocial impact of living in a hierarchical society on obesity is complex 
rather than a straightforward, linear way. On the one hand, compared with egalitarian societies, 
unequal societies tend to increase one’s obesity risk. This is widely observed in Western studies, 
and supported by my check from the CHNS data. I compare the obesity prevalence by province 
in 1989 (when the inequality is low) vs. 2006 (when the inequality was very high), all provinces 
have much higher obesity prevalence in 2006. The increases of obesity prevalence and increases 
in Gini coefficients are significantly correlated. Hence the temporal exposure of increased 
inequality is associated with higher obesity risk. On the other hand, as un-egalitarian societies 
continue to deepen the income inequality, the increase of obesity could be overshadowed by 
many other health problems. Therefore, a snap-shot of 2006 CHNS shows an inverse pattern of 
obesity risk in relation to inequality.  
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Another interpretation that the inequality is inversely associated with obesity may be that 
inequality affects the susceptibility to nutrition transition. It is well-known that in general, China 
has entered a new stage of the nutrition transition characterized by high-fat, high-energy-density 
and low-fiber diet, and physical inactivity (Du et al, 2002). However, the nutrition transition, 
including dietary structure change and increased inactivity at work or leisure, is a long-term shift 
and is sensitive to the diversity within a province. Therefore, different provinces (with varying 
inequality levels) in China may show a diverse picture of nutrition transition. In provinces with 
lower inequality, there is higher level of social homogeneity, so that more people are susceptible 
to the nutrition transition. By contrast, provinces with higher inequality have high levels of social 
diversity. Hence, people may be less susceptible to the nutrition transition, resulting in the lower 
obesity prevalence.  
It is well-known that income inequality’s effect on health is still inconclusive across the 
populations and over time (Lynch et al. 2004b; Subramanian and Kawachi 2004; Wagstaff and 
van Doorslaer 2000a). The inverse Gini effect on obesity observed from selected provinces of 
China in this study provides an intriguing example of the complex association between income 
inequality and health outcomes.  Wilkinson’s thesis on obesity might be supported by the more 
developed societies such as the European countries and the U.S. where Gini coefficients are 
lower. Even in China, as we compare across the negative inequality effects across contexts, we 
notice that the absence-absence context (the least developed setting) has the strongest negative 
effect. In other words, the finding of consistent, negative inequality effect on obesity in this 
chapter further supported the similar pattern observed in the overall setting in Chapter 5, and is 
strong evidence that the Gini-inequality association is negative in highly hierarchical societies. 
This could be a notable contribution to the literature on obesity in China and the world as a 
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whole, as well as studies on the associations between income inequality and health. With this 
finding, with a global perspective, the inequality effects on obesity could be an inverted "U" 
shape: in more egalitarian countries (such as those in Wilkinson's studies), increment in 
inequality is associated with higher risk of obesity, while in more in-egalitarian countries (such 
as China), the increment in inequality is associated with a lower risk of obesity. 
 
7.5 STRENGTHS AND LIMITATIONS 
 The present study has several strengths. It is the first to study the impact of local built 
environment as assessed by fast food restaurants and sports facilities on the body weight 
outcomes among Chinese adults while taking demographic characteristics, SES and inequality 
into account. It is also the first study to examine the SES effects and inequality effect on obesity 
across different built environment contexts within such a large developing country as China. 
Bivariate analysis shows the simple associations between access and obesity. The multilevel 
design is critical to understand relationships between obesity and the built environment while 
simultaneously taking into account individual characteristics and community income inequality. 
The stratified analysis enriches the evaluation of the absolute income hypothesis, the relative 
income hypothesis, and income inequality hypothesis in different contexts.  
The results based on a relatively large and diverse sample of Chinese adults from the 
most recent available data (the data quality has been discussed in Chapter 6) have demonstrated 
moderate, attenuated associations between the built environment and BMI/obesity with other 
factors considered. Hence it added to the literature on how local obsogenic built environment 
affects one’s risk of obesity. In China, fast food and sports facilities are more accessible by the 
high SES groups. Hence SES is the key factor influencing one’s diet and physical exercise, 
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which in turn, are directly related to one’s risk of obesity. The study based on the Chinese 
population might be useful in generating hypotheses for similar developing countries where fast 
food is more accessible to the high status population. Further, understanding the obesogenic built 
environment is critical to obesity control. The positive association between fast food accessibility 
and obesity could contribute to obesity prevention strategies in China and other developing 
countries. On the other hand, when stratified, the SES effects on body weight outcomes depend 
on the context of the built environment, with the most evident amplified SES effects observed in 
the Presence-Absence context. However, the relative income effects are not significant in either 
the overall or stratified settings, while the income inequality effect is strong, significant, and 
consistent regardless of the context. These findings are important to the literature on obesity in 
China and developing countries as a whole, and shed new light on the studies on the effect of 
income inequality on health. 
 This study has several limitations. First, generalizability is limited by the fact that the 
sample was composed of nine provinces rather than the whole nation, and does not include major 
metropolitan areas such as Beijing and Shanghai where obesity prevalence is high, close to the 
prevalence in America. Also, the cross-sectional data prevents us from establishing any temporal 
ordering of built environment exposure, behavior, and obesity outcome. Longitudinal data, if 
available, may address this issue. Second, the current study does not have the geo coded data 
which can be used to derive more valid measures of the built environment. In addition, 
accessibility may not be a good surrogate to actual usage of facilities. The positive association 
between access to gyms and obesity seems counter-intuitive; it invites future studies with quality 
data.   
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 These results found in this chapter are useful for generating future research and designing 
obesity prevention and intervention programs that include environment characteristics. Future 
research may be informative on how the availability of fast food restaurants influences the 
dietary activities in a community. For example, food-frequency questionnaires (FFQs) have been 
used in nutritional studies in China (Zhao et al. 2002), and more research could incorporate 
appropriate questions from FFQs to understand fast food consumption frequencies and 
quantities. Another direction may be to evaluate the effect of recreational and sports facilities on 
individual health behaviors, such as how facilities are used, and how this modifies or mediates 
SES disparities in obesity. Moreover, when data become available, future research can 
investigate the income inequality effect on obesity in a geographically smaller area, such as 
within a province, and study whether and why the income inequality is negatively associated 
with obesity. The stratified analysis enriches the evaluation of the absolute income hypothesis, 
the relative income hypothesis, and income inequality hypothesis in different contexts. When 
stratified, SES effects on body weight outcomes depend on the context of the built environment, 
with the most evident amplified SES effects observed in the Presence-Absence context. 
However, the relative income effects are not significant in either the overall or stratified settings, 
while the income inequality effects are strong, significant, and consistent regardless of the 
context. 
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CHAPTER 8: 
CONCLUSION  
 
In previous chapters, I have reviewed obesity trends and patterns in both the developed and 
developing world, and reviewed both traditions in social studies of health. Then, I have laid out 
an analytical framework, elucidated the appropriate methods for studying the associations 
between multilevel, multidimensional SES components, multilevel inequality and individual 
obesity, and explicitly examined major research questions with SES and inequality related 
hypotheses. The strength and limitations of the current study has been discussed in detail in 
Chapter 6 and Chapter 7. In the final chapter, I first summarize findings, then discuss the 
significance of this study to the obesity literature in general and in China, and discuss research 
and policy implications of this dissertation.  
8.1 SUMMARY AND SIGNIFICANCE   
This study, using a multilevel analytic approach, consists of two parts; each part 
addresses a particular question about social determinants of obesity. The first part (Chapter 5) 
attempts to examine the relation of individual-level, community-level socioeconomic disparities 
and macro level inequality to obesity among Chinese adults. Based on data 9,546 Chinese adults 
from 9 provinces, the absolute income, the relative income and income inequality hypotheses on 
obesity outcome are investigated systematically. The second part (Chapter 7) attempts to 
examine the main effects of the built environment on obesity, and further examines the absolute 
income hypothesis, the relative income hypothesis, and income inequality hypothesis on obesity 
stratified by the built environment. The findings indicate that for the nine provinces in China, the 
individual SES and inequality contribute to the unequal obesity risk among populations. 
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Community built environment is associated with obesity outcome, but is a minor factor 
compared to SES and inequality. However, while the SES effects on obesity depend on the 
environment and are amplified by the least healthy environment, an independent inequality effect 
on obesity is significant and negative regardless of the built environment context.  
This dissertation deals with important issues in its examination of the social determinants 
of obesity among Chinese adults. Theoretically, the investigations are based on a detailed review 
of two research traditions and supportive and inconsistent evidence in the literature, in order to 
systematically evaluate the robustness of the hypotheses. The in-depth investigations are also 
based on the literature on built environment effects on health and obesity. It is the first to find 
consistently strong negative association between inequality and obesity, which is opposite to the 
Wilkinson thesis. Empirically, it examines obesity, a public concern for both developed and 
developing countries, and identifies and evaluates the importance of social determinants of 
obesity in China. It also takes China’s social and economic context and built environment 
context into consideration. Methodologically, it employs a multilevel analytical framework and 
uses stratified analysis for group comparison. Forward selection models allowed for the inclusion 
of all three SES measures, the relative income, and inequality while controlling for other factors 
in a parsimonious model to understand the distinct effects of individual characteristics and macro 
circumstances on body weight outcomes. The results are very similar for both BMI and obesity 
outcomes.  
Together, both parts of analyses suggest that China is a developing country in transition 
and hence provides an intriguing case for studying the social determinants of obesity. China’s 
economic development powerhouse emerged in the early 1990s, and individual income increase 
vs. rising income inequalities both existed along with the development. Hence the patterns in the 
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relation between social determinants and the obesity outcome are heterogeneous: some resemble 
that of the typical developed countries (such as the inverse education-obesity association), others 
resemble that of the typical developing countries (such as the positive income-obesity 
association), and a few others show the unique pattern observed only in China so far (such as the 
negative inequality-obesity association). The local built environment effects on body weight 
outcomes, as assessed by fast food restaurants accessibility and sports facilities availability, 
indicate that individual SES and area-level inequality are more important to the risk of obesity 
among Chinese adults. However, when stratified, the SES effects vary by contexts while the 
inequality effect remains invariant. Of note, the findings of this dissertation highlight the SES as 
the major factor influencing obesity; meanwhile, these findings suggest the importance of 
contextual inequality effect on obesity. Individual- and area-level SES measures are 
independently related to obesity, which suggests that both individual and environmental 
approaches may be required to curtail obesity.  
This dissertation has several unique contributions to the knowledge of obesity literature 
in general, and to the limited obesity research in developing countries and in China. First and 
foremost, this study contributes to the systematic knowledge on the social determinants of 
obesity. Although evidence supports an inverse SES-obesity association in more developed 
countries and positive income-obesity associations in less developed countries, very few studies 
have examined this association in the presence of both relative income and income inequality. 
Chapter 5 and 6 show that individual-level and community-level SES have independent effects 
on obesity in China. The pattern is consistent regardless of the macro-level inequality. Inequality 
is slightly yet inversely associated with BMI and obesity. The stratified analysis in Chapter 7 has 
enriched the examination in previous chapters, as it has found that the SES effects on body 
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weight outcomes depend on the context of the built environment, and amplified SES effects are 
observed in the Presence-Absence context. Most important of all, the income inequality effect is 
strong, significant, and consistent regardless of the context, which adds up to the Wilkinson’s 
thesis that income inequality is positively associated with obesity and other health outcomes. 
This is a major contribution to existing knowledge of income inequality effect on health. From 
the global perspective, it warrants further investigation whether the inequality effects on obesity 
could be different between the egalitarian countries (such as those in Wilkinson's studies) and the 
highly in-egalitarian countries (such as many developing countries). 
In addition, this study contextualizes the determinants of obesity in China in the social 
and cultural background, and sets community level as the higher level to differentiate the macro 
social context and the built environment effects from effects of individual characteristics. 
Previous research of obesity in China mainly focused on proximate individual risk factors such 
as diet and activity level, but the social determinants of obesity in China remains unclear. 
Although many sociological studies examined the consequence of China’s transition from a state 
socialist economy to market economy on social stratification and social mobility (Bian 2002; 
Nee 1991; Nee 1992; Wu and Xie 2003; Zhou 2000), very limited studies have been conducted 
on the consequent health stratification, and even less is known about obesity in China. Despite 
the rapid economic growth, increasing income gaps and changing built environment, there is 
scant research from social scientists that investigate how these factors are associated with obesity 
in China, while the impact of community built environment and societal-level income inequality 
on obesity in China has been less explored. The primary contribution of this multivariate analysis 
is to fill in these research gaps. The findings are useful in generating context-specific obesity 
control and prevention strategies which I discuss in 8.2.  
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Further, this dissertation contributes to the investigation of obesity in China by using data 
of the best quality available. In the past, no study has examined the effects of provincial-level 
income inequality and their interactions with individual SES and the relative income on the 
obesity outcome, largely due to the lack of reliable data on income inequality at the area-level in 
China. Although there are studies of SES and inequality effects on people’s health in China, it 
remains unclear how SES and inequality are associated with obesity, especially in urban areas. 
While studies based on smaller-scale Chinese data have examined self-reported health status in 
the multilevel framework, the arbitrary inference from studies in other countries and from self-
reported health in Chinese studies can be problematic. This dissertation is the first to use the 
national representative 2006 CGSS data for calculating macro-level inequality, and to combine 
the inequality data with 2006 CHNS, which has been widely acknowledged for studying the 
nutrition and health issues in contemporary China. This makes it possible to examine the sets of 
multilevel hypotheses on obesity in Chinese adults across urban and rural communities. 
Furthermore, this is especially informative for testing the income inequality hypothesis. 
Specifically, the income inequality hypothesis can be best tested within more un-egalitarian 
countries (such as China) than the rich OECD countries. Since most studies have been conducted 
in the OECD countries, the association between unequal income distribution in different 
geographic areas and obesity in China can provide additional evidence for the income inequality 
hypothesis.  
This dissertation is among the first to systematically evaluate the impact of the local built 
environment, assessed by fast food restaurants accessibility and sports facilities availability, on 
body weight outcomes among Chinese adults. It evaluates the association between the built 
environment and obesity outcomes in bivariate and multivariate settings, and compared the SES 
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effects on obesity among different built environment contexts. Compared with demographic 
factors, individual-SES, community urbanization level, and income inequality, the main effects 
of the built environment are less important to Chinese adults’ obesity risk. However, SES effects 
on obesity are most amplified in the least healthy built environment, hence are dependent on the 
context, while the income inequality effect on obesity is strong, significant, and consistent. 
Therefore, this cross-sectional study contributes not only to the literature in China, but also to the 
health study traditions in general. 
8.2 IMPLICATIONS   
This dissertation presents my early research on social determinants approach to obesity 
overall, with a particular attention on developing countries including China. It uses the best 
quality of data available to investigate the social determinants of obesity in a non-Western setting, 
and the analyses were built upon the theories and hypotheses in social scientists inquiry of health. 
It spontaneously examines the associations between the absolute income, relevant income, 
income inequality and obesity among Chinese adults. It also examines the built environment 
impact on body weight and compared this effect to that of SES and inequality. The dissertation 
provides evidence to support the absolute income hypothesis, but not the relative income 
hypothesis. With absolute individual SES and relative deprivation considered and macro-level 
SES controlled, there is a strong and independent income inequality effect on obesity. A major 
contribution of the dissertation to the health literature is that SES effects on obesity are sensitive 
to the built environment characteristics, while the income inequality effect on obesity is 
independent, negative, and consistent regardless of the built environment contexts.  
Health inequalities (or health disparities) among individuals of various socioeconomic 
status (SES) and across different regions and countries are widely explored (Adler and Newman 
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2002; Elo 2009; Mackenbach et al.2008). This area has been attracting recent interest not only in 
academia, but in the public realm, due to the increasing recognition of strong links between 
wealth and health, and the widening disparities in wealth (WHO 2000). Perhaps more 
controversial than the SES-health association, the relationship between income inequality and 
health status continues to generate intensive debates: some argue for a causal relationship, others 
claim that the relationship is merely a statistical artifact (Wagstaff and van Doorslaer 2000b; 
Wilkinson 1997 ; Wilkinson and Pickett 2009). Most importantly, the vast majority of research 
on obesity has not examined effects of individual- and community-level SES and macro-level 
inequality on obesity in Chinese adults through a multilevel analytic approach. This study sheds 
new light on the literature of obesity inequalities, and its findings are useful not only for 
generating future research hypothesis but also for designing obesity prevention and intervention 
programs that include individual and community SES, inequality, and built environment 
characteristics. Future studies may examine whether the inequality effects on obesity could be an 
inverted "U" shape globally by comparing the observed associations in more egalitarian 
countries and less egalitarian countries.  
Due to the paucity of data on China’s national representative survey on regional and 
community inequality, as well as the underreporting in national surveys, the national-level and 
longitudinal studies on social determinants of obesity in China have been very limited. Future 
research addressing this topic will benefit from nationally representative samples and 
longitudinal data.  A nationally representative data set is valuable as it can better capture the 
social contexts including good measures of macro-level income inequality and multilevel SES 
for research design and results interpretation.  When data become available, similar studies in 
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China can be conducted in major metropolitans such as Beijing and Shanghai where obesity 
prevalence is close to that of the U.S.  
Perhaps more importantly, when longitudinal data become available, future research may 
be able to evaluate causal inference of SES and inequality effects obesity, and to understand 
these effects over time.  Although CHNS data are longitudinal and can be used for studying the 
SES effects over time, there are no additional longitudinal inequality data available. Since 
inequality shows the most consistent and strong effects of all predictors in obesity, we cannot 
only assess SES effects without examining inequality effects at the same time. However, is 
beyond the scope of the current dissertation to study the inequality effects over time. With 
additional longitudinal data beyond CHNS, it can be examined in the future.  
Not only paucity of longitudinal data sets on inequality, but also the limited longitudinal 
data on built environments prohibits the effective searching of mechanisms. As discussed in 
Chapter 6, cross-sectional studies are incapable to account for the causality, directionality or time 
lag effects of the observed SES and inequality effects on obesity. Such limitations could be 
addressed explicitly in longitudinal data. With longitudinal data, researchers may also establish 
temporal ordering of built environment exposure, social mobility, health behavior, and obesity. 
Are there specific times that low income inequality amplifies obesity? How does early life SES 
affect one’s risk of obesity over the life course? Does built environment modify SES effects on 
obesity in different ways over time? Future longitudinal research is needed to fully understand 
the mechanisms that cause the SES and inequality effects on obesity. Further, future research 
may examine recreational and sports facilities effects on individual health behaviors such as how 
they actually use the facilities, how this modifies or mediates the impact of SES disparities on 
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obesity. Only through good measures from high quality data can we perform plausible 
examinations of conceptually sound mechanisms.  
In addition, based on the vast majority of the literature and this sociological investigation, 
a number of prevention recommendations can be made for policy makers. While obesity in 
developing countries is accompanied by the urbanization process, the nutrition transition, and the 
double burden of malnutrition, policy makers can actively incorporate SES and inequality into 
the public health framework addressing obesity in developing countries including China. Policies 
need to target factors at both the individual-level and the community-level. At the individual-
level, because high educational attainment is consistently and inversely related to obesity, policy 
makers need to promote health education especially among those with low educational 
attainment. Policy makers may design community-based and school-based health education 
programs in order to help more people adopt healthy lifestyles behaviors. For children and 
adolescence, school curriculums have been identified as effective in promoting healthy behaviors 
(Li, Dibley, and Yan 2011). Policy makers may collaborate with Ministry of Education in PRC 
to provide funding support and training to help schools developing such curriculums. For adults, 
policy makers need to consider the SES status of residents and design specific community-based 
health education programs in promoting a healthy diet and regular physical activity. There 
should be no “one that fits all” program: such educational programs need to consider the needs of 
different SES subgroups, and may vary by age, sex and urban/rural areas. In addition, policy 
makers can collaborate with mass media to make health education accessible to as many people 
as possible. At the macro-level, future policy needs to identify and consider which built 
environments are barriers to healthy behaviors of local residents, and reduce the obesogenic 
environment. The built environment includes the design, land use, and transportation system 
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(Handy et al. 2002), so the policy makers need to consider a wide range of factors and integrate 
the education programs in the dynamic urbanization process. Possible actions may involve 
creating policies or laws that encourage healthy food retail in communities, and encouraging the 
actual usage of sports facilities in communities. Last but not least, because the associations 
between SES and obesity can vary in different built environment contexts, context-specific 
intervention strategies need to be developed. These efforts may take a long time to become 
effective, but in the long run, it is worthwhile. 
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Tables and Figures 
 
 
Table 1 The international classification of adult underweight, overweight and obesity based on 
BMI     
Classification BMI(kg/m
2
)                                     Risk of co-morbidities 
 Principal cut-off points   Additional cut-off points 
Underweight <18.50   <18.50 
Low (but increase risk of 
other clinical conditions) 
   Severe Thinness  <16.00   <16.00  
   Moderate Thinness 16.00 - 16.99  16.00 - 16.99  
   Mild Thinness 17.00 - 18.49  17.00 - 18.49  
Normal Range 18.50 - 24.99  18.50 - 22.99 Average 
   23.00 - 24.99  
Overweight  ≥25.00  ≥25.00 Increased 
   Pre-obese 25.00 - 29.99  25.00 - 27.49  
   27.50 - 29.99  
 Obese  ≥30.00  ≥30.00  
   Obese Class I  30.00 - 34.99  30.00 - 32.49 Moderate 
   32.50 - 34.99  
   Obese Class II 35.00 - 39.99  35.00 - 37.49 Severe 
   37.50 - 39.99  
   Obese Class III ≥40.00   ≥40.00 Very severe 
 
Notes: Adapted from WHO (1995, 1998, 2000, 2004). 
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Table 2 Trends in the age-adjusted and age-specific prevalence of obesity for American adults 
aged 20-74 years, 1960-2000 
 
Source: Flegal, Katherine M., Margaret D. Carroll, Cynthia L. Ogden, and Clifford L. Johnson. 
2002. "Prevalence and Trends in Obesity Among US Adults, 1999-2000." JAMA 288:1723-1727. 
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Table 3  Definition of study variables, CHNS 2006  
 
Variables Definition             
Dependent Variables        
BMI Body mass index derived from weight (in kilograms) by height (in meters) squared 
Obesity 1 if BMI is equal or larger than 25 kg/m2, 0 if otherwise   
Independent Variables 
Individual level         
Female 1 if gender is female, 0 if gender is male     
Age The sample's age is restricted to 18 years and older    
Age Squared a squared term of one's age      
Marital Status   1 if married , 0 otherwise   
Smoking 1 if ever smoked , 0 if otherwise      
Alcohol Consumption 1 if one consume alcoholic drinks, 0 if never drinking             
 Educational Attainment   
Low  1 if one has no formal schooling or up to 6 years of education, 0 otherwise  
Intermediate  1 if one’s highest level  of education is 7 to 12 years , 0 otherwise   
High  1 if one’s highest level  of education is over 12 years  , 0 otherwise  
 Work Status   1 if currently working; 0 if otherwise     
 Occupation          
 Professional  1 if one's occupation belongs to a category of officers, administrators, and cadres 
 Manual  1 if one's occupation belongs to a category of farmers, fishers, hunters, soldiers, and 
laborers 
 Service  1 if one's occupation belongs to a category of cooking, driving, and housekeeping 
 Wealth Index  Household wealth index based on wealth and asset questions.  
 Individual Income  Equalized household income derived from net household income (in 1000 
yuan)    
 Relative Income  Deaton’s Relative Deprivation Index      
 Community level         
 Mean Income   Community mean income (in 1000 yuan)      
 Mean Education  Community mean education in years     
 Urbanicity Index  An index made from 12 dimensions to reflect the community urbanicity level  
 Urban Indicator  1 if the community is urban, 0 otherwise     
 Gini Coefficient   Provincial Gini coefficient based on the CGSS 2006    
 Jiangsu  1 if the community is located in Jiangsu Province, 0 otherwise   
 Guangxi  1 if the community is located in Guangxi Province, 0 otherwise     
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Table 4 Typology of studies of different levels  
  Exposure 
 
 x (measured at individual level) 
X (measured at 
ecological level) 
Outcome y (measured at 
individual level) 
 
(y,x)  
Traditional risk factor study 
 
(y,X) 
 Multilevel Study 
Y (measured at 
ecological  level) 
 
(Y, x) 
 
(Y,X)  
Ecological study 
 
Notes: Adapted from (Subramanian et al. 2009).
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Table 5 Modeling sequence and descriptions 
 
Model Description Added Variables 
0 Null model intercept only  
1 
Demographic 
model age, age2, female, marital status 
2 SES effects education, occupation, income, wealth 
3 
Relative income 
effect Deaton’s RDI  
4 Community SES 
effect 
Community mean income, mean education, urbanicity score, urban 
indicator 
5 Inequality effect Gini coefficient 
6 Regional effect Jiangsu indicator, Guangxi indicator 
7 Interaction effects Gini x education, Gini x income 
8 
Behavior 
modification Smoking, alcohol consumption 
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Table 6 Descriptive statistics for all variables in the analysis (N=9,586) 
 
Variables  Mean SD Min Max 
Dependent Variable     
    BMI  23.35 3.63 15  40  
    Obesity (Yes=1) 0.26 0.44 0 1 
Independent Variables, individual-level    
Female  0.52 0.50 0 1 
Age  49.34 15.29 18 97 
Marital status (Married=1) 0.83 0.37 0 1 
Work Status (Working=1) 0.59 0.49 0 1 
 Education    7.42 4.43 0 19 
Low (0-6) 0.43 0.49 0 1 
Intermediate  (7-12) 0.51 0.50 0 1 
High  (12+) 0.07 0.25 0 1 
 Occupation       
 Professional   0.17 0.37 0 1 
 Manual   0.63 0.48 0 1 
 Service   0.20 0.40 0 1 
Smoking  0.32 0.47 0 1 
Alcohol Consumption 0.31 0.46 0 1 
 Wealth Index   2.32 1.02 0  5.00  
 1st Qunitle    0.91 0.36 0 1.37 
 2nd Qunitle    1.67 0.16 1.38 1.93 
 3rd Qunitle   2.20 0.16 1.93 2.54 
 4th Quintile   2.86 0.20 2.54 3.26 
 5th Qunitile   3.76 0.36 3.26 5.00 
 Income  (in 1000 yuan)  11.92 15.28 -6.44 315.61 
 1st Qunitle    1.68 1.07 -6.44 3.2 
 2nd Qunitle    4.74 0.89 3.21 6.34 
 3rd Qunitle   8.29 1.21 6.34 10.57 
 4th Quintile   13.55 1.96 10.57 17.33 
 5th Qunitile   31.35 24.72 17.36 315.61 
 Deaton's RDI 0.23 0.18 0 1 
Independent Variables, community-level    
 Mean Income  (in 1000 yuan)  11.92 7.52 2.58 55.01 
 Mean Education (in years)  7.43 2.17 2.24 13.64 
 Urbanicity Index   64.43 20.40 27.22 101.6 
 Urban Community (Urban=1) 0.31 0.46 0 1 
 Gini Coefficient * 100  47.30 7.02 38.63 59.61 
 Jiangsu   0.11 0.32 0 1 
 Guangxi    0.12 0.33 0 1 
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Table 7 Descriptive statistics of characteristics for obese vs. non-obese people in China (N=9,586). 
Variable 
 Mean and SD 
t-Statistic 
  Obese SD Non-Obese SD 
Individual-level (Level-1) Variables      
Socio-demographic background      
Female  0.53 0.50 0.52 0.50 -1.28 
Age  51.25 13.49 48.65 15.83 -7.34*** 
Marital status (Married=1) 0.88 0.32 0.82 0.39 -8.04*** 
Behavior Control      
Smoking  0.29 0.45 0.33 0.47 3.46*** 
Alcohol Consumption 0.74 1.16 0.75 1.16 0.02 
SES       
Education   7.37 4.38 7.45 4.45 0.79 
Low Education (0-6) 0.44 0.50 0.42 0.49 -0.98 
Intermediate Education  (7-12) 0.51 0.50 0.51 0.50 0.10 
High Education  (12+) 0.06 0.24 0.07 0.25 1.76* 
Work Status (Currently working=1) 0.53 0.50 0.62 0.49 7.59** 
Occupation      
professional 0.10 0.30 0.10 0.30 -0.22 
Manual   0.31 0.46 0.40 0.49 8.24** 
Service   0.12 0.33 0.12 0.32 -0.60 
Wealth Index 2.45 1.03 2.27 1.02 -7.75*** 
 1st Qunitle   0.15 0.35 0.20 0.40 6.03** 
 2nd Qunitle   0.18 0.38 0.20 0.40 1.82* 
 3rd Qunitle  0.19 0.39 0.20 0.40 1.70 
 4th Quintile  0.22 0.41 0.18 0.38 -4.39** 
 5th Qunitile  0.25 0.44 0.20 0.40 -5.58** 
 Income  (in 1000 yuan)  12.76 15.08 11.62 15.81 -3.22** 
 1st Qunitle   0.18 0.38 0.21 0.41 3.43** 
 2nd Qunitle   0.18 0.38 0.21 0.41 3.58** 
 3rd Qunitle  0.20 0.42 0.20 0.39 0.36 
 4th Quintile  0.23 0.42 0.19 0.39 -4.13** 
 5th Qunitile  0.22 0.42 0.19 0.39 -3.24** 
 Relative Income (RDI)  0.23 0.18 0.23 0.17 -0.96 
Community-level (Level-2) Variables      
Community Mean Income (in 1000 yuan) 12.78 8.09 11.61 7.28 -6.76** 
Community Mean Education (in years) 7.69 2.13 7.33 2.18 -7.21** 
Urbanicity Index 67.20 20.03 63.44 20.44 -7.99** 
Urban  Community (Urban=1) 0.36 0.48 0.30 0.46 -5.66** 
Gini Coefficient*100 45.74 7.34 47.86 6.81 13.16** 
Jiangsu  0.12 0.33 0.11 0.31 -1.58 
Guangxi   0.06 0.23 0.15 0.36 12.271** 
 
Notes: Heteroscedastic t-test. 
*Significance at 5% level; ** significance at 1% level; *** significance at 0.1% level   
252 
 
Table 8 Mean BMI and prevalence of obesity by categorical socio-demographic characteristics 
and SES (N=9,586) 
 
Variable N Percentage (%) Mean BMI 
Percentage 
of Obesity 
(%) 
Socio-demographic background    
Gender     
Male 4583 47.81 23.30 25.75 
Female 5003 52.19 23.39 26.9 
Age (year)     
18-<35 1810 18.88 22.35 15.47 
35-<55 4403 45.93 23.70 29.25 
55-<70 2361 24.63 23.58 30.16 
≥70 1012 10.56 23.03 24.31 
Marital Status     
Married 7988 83.34 23.53 27.97 
Single 1598 16.66 22.44 18.28 
SES     
Education     
Low (0-6) 4095 42.72 23.31 26.86 
Intermediate (7-12) 4854 50.64 23.40 26.31 
High  (12+) 637 6.65 23.13 23.39 
Work Status      
Currently Working 5648 0.59 23.12 23.53 
Not Working 3938 0.41 23.67 30.46 
Occupation     
Professional 942 9.83 23.46 26.65 
Manual 3584 37.39 22.97 21.57 
Service 1122 11.7 23.32 27.09 
Wealth      
1st Qunitle  1788 18.99 22.96 20.69 
2nd Qunitle  1848 19.63 23.15 24.68 
3rd Qunitle 1910 20.29 23.20 24.82 
4th Quintile 1810 19.23 23.69 30.44 
5th Qunitile 2058 21.86 23.73 31.15 
Income      
1st Qunitle  1921 20.04 23.00 23.27 
2nd Qunitle  1915 19.98 23.09 23.13 
3rd Qunitle 1917 20 23.34 26.03 
4th Quintile 1916 19.99 23.65 30.06 
5th Qunitile 1917 20 23.65 29.26 
Urban Residence      
Urban  2987 31.16 23.71 30.13 
Rural 6599 68.84 23.18 24.64 
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Table 9 Gini coefficient, mean BMI and percentage of obesity by CHNS provinces, 2006 
(N=9,586) 
 
 
Province Gini Coefficient            Mean BMI SD Obesity (% )      N 
Liaoning 0.3902       24.29  4.15 37.10 1,035 
Heilongjiang 0.4002       23.92  3.98 31.42 977 
Jiangsu 0.5961       23.42  3.54 28.35 1,076 
Shandong 0.3863       24.56  3.44 42.10 1,088 
Henan 0.4257       23.86  3.56 25.65 1,080 
Hubei 0.4533       23.33  3.35 24.95 942 
Hunan 0.5043       22.74  3.34 20.23 1,112 
Guangxi 0.5027       21.89  3.04 11.85 1,198 
Guizhou 0.5563       22.36  3.32 17.90 1,078 
 
Note: In the following tables that report results from bivariate or multivariate analysis, the Gini coefficient is 
replaced by the Gini index (i.e. Gini coefficient   100) so that interpretation of the result can be based on each unit 
of change of the Gini index (i.e. each 0.01 change in the Gin icoefficient).  
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Table 10 Bivariate analysis of BMI vs. obesity outcome (N=9,586) 
 
  BMI Obesity (Yes=1)  
  Coefficient SE  Odds Ratio   SE  
 Level-1 Variables:      
 Demographic Control      
 Female  0.093 0.074        1.061        0.049  
 Age  0.015*** 0.002        1.011***        0.002  
 Married  1.089*** 0.099        1.735***        0.120  
Education     
Low (0-6)      
Intermediate (7-12) 0.086 0.077 0.972      0.047 
High  (12+) -0.188 0.155 0.831*      0.083 
Work Status (ref.=not working) -0.546*** 0.075        0.702***        0.033  
Occupation     
Professional -0.134 0.128        0.860      0.069 
Manual -0.616*** 0.079     0.651***      0.033 
Service     
Wealth Index     
 1st Qunitle       
 2nd Qunitle   0.197 0.117 1.262**      0.098 
 3rd Qunitle  0.251* 0.116 1.271**      0.098 
 4th Quintile  0.745*** 0.118   1.686***      0.128 
 5th Qunitile  0.783*** 0.114   1.742***      0.128 
Income  (in 1000 yuan) 0.020*** 0.004        1.010***        0.002  
 1st Qunitle       
 2nd Qunitle   0.087** 0.117 0.992      0.076 
 3rd Qunitle  0.334*** 0.117 1.16*      0.087 
 4th Quintile  0.643*** 0.117       1.417***      0.104 
 5th Qunitile  0.649*** 0.117       1.364***      0.101 
 Relative Income (RDI) 0.211 0.210        0.882        0.116  
 Behavioral Control      
 Smoker  -0.301*** 0.080        0.840***        0.043  
 Alcohol Consumption  0.019 0.032        1.000        0.020  
  
Level-2 Variables:      
Mean Income  (in 1000 yuan) 0.030*** 0.005        1.020***       0.003  
Mean education (in years) 0.141*** 0.017        1.079***        0.011  
 Urbanicity Index  0.014*** 0.002        1.009***        0.001  
 Urban  (ref.=Rural )  0.525*** 0.080        1.319***       0.065  
 Gini Coefficient *100  -0.085*** 0.005        0.956***        0.003  
 Jiangsu  -0.157 0.117         0.996        0.072 
 Guangxi   -1.681*** 0.112         0.338***        0.032  
        
 
Notes: *Significance at 5% level; ** significance at 1% level; *** significance at 0.1% level  
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Table 11 Estimates from random intercept multilevel models of BMI (N=9,586) 
 
  Model 1     Model 2     Model 3     Model 4   
Variables Coefficient SE   Coefficient SE   Coefficient SE   Coefficient SE 
Fixed effects            
Intercept 18.332*** 0.339  18.193*** 0.377  18.367*** 0.443  18.025*** 0.629 
Level-1 Variables:            
Demographic Control            
Female 0.086 0.070  -0.002 0.073  -0.002 0.073  -0.005 0.073 
Age 0.188*** 0.015  0.200*** 0.015  0.200*** 0.015  0.199*** 0.015 
Age2 -0.002*** <0.001  -0.002*** <0.001  -0.002*** <0.001  -0.002*** <0.001 
Married 0.364*** 0.110  0.368*** 0.110  0.371*** 0.110  0.374*** 0.110 
SES            
Education (ref.=0-6)            
Intermediate  (7-12)    -0.049 0.090  -0.052 0.090  -0.076 0.092 
High (12+)    -0.4408 0.185  -0.442* 0.185  -0.489** 0.189 
Work Status (ref.=not working)   -0.355** 0.128  -0.353** 0.128  -0.346** 0.128 
Occupation (ref.= service)            
Professional    -0.161 0.168  -0.159 0.168  -0.171 0.169 
Manual    -0.343** 0.127  -0.340** 0.127  -0.316** 0.128 
Wealth (ref.=1st Q)            
2nd Qunitle     0.047 0.126  0.043 0.126  0.031 0.126 
3rd Qunitle    0.035 0.129  0.027 0.130  0.000 0.131 
4th Quintile    0.334** 0.141  0.320** 0.142  0.274* 0.146 
5th Qunitile    0.349** 0.149  0.329** 0.151  0.275* 0.159 
Income (ref.=1st Q)            
2nd Qunitle     0.105 0.114  0.147 0.127  0.140 0.136 
3rd Qunitle    0.367** 0.116  0.440** 0.152  0.429* 0.177 
4th Quintile    0.547*** 0.121  0.649*** 0.182  0.628** 0.222 
5th Qunitile    0.601*** 0.132  0.743*** 0.231  0.720** 0.298 
Relative Income (RDI)       -0.302 0.404  -0.268 0.518 
Behavioral Control            
Smoker            
Alcohol Consumption            
Level-2 Variables:            
Community Characteristics            
Mean Income  (in 1000 
yuan)          -0.011 0.015 
Mean Education (in years)          0.067 0.054 
Urbanicity Index          0.000 0.006 
Urban  (ref.=Rural )          0.106 0.215 
Gini Coefficient*100             
Province Indicator            
Jiangsu            
Guangxi            
Cross-level Intearaction            
Gini*Low Income (Q2)            
Gini*Middle Income (Q3)            
Gini*High Income (Q4)            
Gini*Top Income (Q5)            
Gini*Middle Education            
Gini*High Education            
            
Random-effects Parameters            
    Random Intercept  1.056 (0.063)  0.979 (0.060)  0.978 (0.060)  0.971 (0.060) 
    Level-1 Residual   3.417  (0.025)   3.403  (0.025)  3.403   (0.025)   3.403   (0.025) 
Model Fit Statistics (BIC) 51,175.360   51,193.960   51,202.570   51,236.030  
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Table 11 (Cont.) 
 
  Model 5     Model 6     Model 7     Model 8   
 Coefficient SE   Coefficient SE   Coefficient SE   Coefficient SE 
Fixed effects            
Intercept 22.516*** 0.762  23.930*** 0.759  23.681*** 0.950  23.948*** 0.950 
Level-1 Variables:            
Demographic Control            
Female 0.003 0.073  -0.003 0.073  -0.005 0.073  -0.318 0.097 
Age 0.198*** 0.015  0.197*** 0.015  0.197*** 0.015  0.203*** 0.015 
Age2 -0.002*** <0.001  -0.002*** <0.001  -0.002*** <0.001  -0.002*** <0.001 
Married 0.370*** 0.110  0.338** 0.110  0.342** 0.110  0.340** 0.110 
SES            
Education (ref.=0-6)            
Intermediate  (7-12) -0.070 0.091  -0.067 0.091  0.690 0.531  0.600 0.531 
High  (12+) -0.478* 0.188  -0.473* 0.187  0.139 1.053  0.120 1.052 
Work Status (ref.=not 
working) -0.314* 0.128  -0.274* 0.127  -0.262* 0.127  -0.257* 0.127 
Occupation (ref.= service)            
Professional -0.201 0.168  -0.252 0.167  -0.263 0.167  -0.260 0.167 
Manual -0.3098 0.128  -0.363** 0.127  -0.374** 0.127  -0.376** 0.127 
Wealth (ref.=1st Q)            
2nd Qunitle  0.034 0.124  0.043 0.122  0.043 0.122  0.032 0.121 
3rd Qunitle 0.040 0.129  0.039 0.126  0.041 0.126  0.038 0.126 
4th Quintile 0.306* 0.144  0.296* 0.140  0.309* 0.140  0.309* 0.140 
5th Qunitile 0.388* 0.156  0.333* 0.152  0.340* 0.152  0.341* 0.152 
Income (ref.=1st Q)            
2nd Qunitle  0.133 0.134  0.118 0.132  1.173 0.835  1.082 0.834 
3rd Qunitle 0.407* 0.172  0.375* 0.166  0.138 0.832  0.127 0.831 
4th Quintile 0.612** 0.215  0.547** 0.206  0.050 0.842  0.072 0.841 
5th Qunitile 0.716* 0.289  0.616* 0.276  -0.297 0.888  -0.288 0.887 
Relative Income (RDI) -0.226 0.499  -0.122 0.474  -0.144 0.474  -0.186 0.473 
Behavioral Control            
Smoker          -0.563*** 0.100 
Alcohol Consumption          0.013 0.037 
Level-2 Variables:            
Community Characteristics            
Mean Income  (in 1000 yuan) -0.001 0.014  -0.024* 0.012  -0.024 0.012  -0.023 0.012 
Mean education (in years) -0.089 0.049  -0.053 0.041  -0.056 0.041  -0.060 0.041 
Urbanicity Index 0.010* 0.005  0.011* 0.004  0.011* 0.004  0.011* 0.004 
Urban  (ref.=Rural ) 0.165 0.181  0.210 0.151  0.211 0.151  0.199 0.151 
Gini Coefficient *100 -0.090*** 0.010  -0.120*** 0.011  -0.115*** 0.016  -0.116 0.016 
Province Indicator            
Jiangsu    1.444*** 0.231  1.393*** 0.232  1.366*** 0.232 
Guangxi    -1.032*** 0.177  -1.020*** 0.177  -1.028*** 0.177 
Cross-level Intearaction            
Gini*Low Income (Q2)       -0.016 0.011  -0.014 0.011 
Gini*Middle Income (Q3)       -0.013 0.022  -0.013 0.022 
Gini*High Income (Q4)       -0.022 0.017  -0.020 0.017 
Gini*Top Income (Q5)       0.005 0.017  0.006 0.017 
Gini*Middle Education       0.011 0.017  0.011 0.017 
Gini*High Education       0.019 0.018  0.020 0.018 
            
Random-effects Parameters            
    Random Intercept  0.566 (0.051)  0.566 (0.051)  0.565 (0.051)  0.566 (0.051) 
    Level-1 Residual  3.404 (0.025)  3.404 (0.025)  3.402 (0.025)  3.396 (0.025) 
Model Fit Statistics (BIC) 51173.050   51,110.050   51,157.590   51,143.450  
 
Notes:    Number of observation = 9586; Number of community = 218.  
Numbers are coefficients. Random-effects parameters have standard errors in parentheses.  
*Significance at 5% level; ** significance at 1% level; *** significance at 0.1% level  
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Table 12  Odds ratio estimates from random intercept multilevel logistic models of obesity (N=9,586) 
 
   Model 1       Model 2       Model 3       Model 4    
Fixed effects                       
  OR   SE    OR   SE    OR   SE    OR   SE  
 Level-1 Variables:             
 Demographic Control             
Female 1.069*** 0.052  1.002 0.051  1.001 0.051  1.000 0.051 
Age 1.119*** 0.013  1.125*** 0.013  1.125*** 0.013  1.124*** 0.013 
Age2 0.999** <0.001  0.999*** <0.001  0.999*** <0.001  0.999*** <0.001 
Married 1.249 0.102  1.249** 0.102  1.256** 0.103  1.258** 0.103 
 SES             
Education (ref.=0-6)            
Intermediate  (7-12)    0.925 0.058  0.920 0.057  0.911 0.058 
High  (12+)    0.739* 0.097  0.736* 0.096  0.723* 0.097 
Work Status (ref.=not working)    0.893 0.079  0.895 0.079  0.897 0.079 
Occupation (ref.= service)            
Professional    0.867 0.100  0.869 0.100  0.868 0.100 
Manual    0.732*** 0.065  0.738 0.066  0.747*** 0.067 
 Wealth (ref.=1st Q)             
2nd Qunitle    1.158 0.105  1.148 0.104  1.139 0.104 
3rd Qunitle    1.139 0.105  1.122 0.104  1.105 0.104 
4th Quintile    1.358** 0.133  1.321** 0.130  1.290* 0.132 
5th Qunitile    1.415*** 0.144  1.361** 0.141  1.321* 0.146 
Income (ref.=1st Q)            
2nd Qunitle    0.993 0.082  1.064 0.095  1.061 0.102 
3rd Qunitle    1.165 0.096  1.311** 0.135  1.307* 0.158 
4th Quintile    1.322*** 0.111  1.558*** 0.187  1.548** 0.233 
5th Qunitile    1.278** 0.117  1.605** 0.241  1.597* 0.322 
Relative Income (RDI)       0.607 0.158  0.611 0.212 
 Behavioral Control             
 Smoker             
 Alcohol Consumption             
 Level-2 Variables:             
 Community Characteristics             
Mean Income  (in 1000 yuan)          0.996 0.009 
Mean education (in years)          1.015 0.033 
Urbanicity Index          1.002 0.004 
Urban  (ref.=Rural )          1.005 0.129 
 Gini Coefficient *100             
 Province Indicator             
 Jiangsu             
 Guangxi             
 Cross-level Intearactions             
 Gini*Low Income (Q2)             
 Gini*Middle Income (Q3)             
 Gini*High Income (Q4)             
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Table 12 (Cont.) 
 
   Model 1       Model 2       Model 3       Model 4    
Fixed effects                       
  OR   SE    OR   SE    OR   SE    OR   SE  
            
 Gini*Top Income 
(Q5)             
 Gini*Middle 
Education             
 Gini*High Education             
            
 ICC              0.102        (0.012)               0.086        (0.011)               0.084        (0.011)               0.084        (0.011)  
Level 2 variance             0.374        (0.002)              0.309        (0.002)              0.304        (0.002)              0.303        (0.002) 
 Goodness-of-fit (BIC)     10,576.170         10,612.530         10,618.050         10,653.790    
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Table 12 (Cont.) 
 
 
   Model 5       Model 6       Model 7       Model 8    
Fixed effects                       
  OR   SE    OR   SE   OR   SE    OR   SE  
 Level-1 Variables:             
 Demographic Control             
Female 1.005 0.051  1.000 0.051  0.999 0.051  0.822** 0.055 
Age 1.124*** 0.013  1.123*** 0.013  1.124*** 0.013  1.129*** 0.013 
Age2 0.999*** <0.001  0.999*** <0.001  0.999*** <0.001  0.999*** <0.001 
Married 1.252** 0.103  1.217* 0.099  1.222* 0.100  1.218* 0.100 
 SES             
 Education (ref.=0-6)             
Medium Education  
(7-12) 0.914 0.058  0.918 0.058  1.843 0.647  1.763 0.621 
High Education (12+) 0.722* 0.096  0.725* 0.096  0.518 0.367  0.509 0.362 
Work Status (ref.=not 
working) 0.920 0.081  0.948 0.083  0.958 0.084  0.959 0.084 
 Occupation (ref.= 
service)             
Professional 0.847 0.097  0.815 0.093  0.806 0.092  0.812 0.093 
Manual 0.752*** 0.067  0.720*** 0.064  0.714*** 0.064  0.715*** 0.064 
 Wealth (ref.=1st Q)             
2nd Qunitle 1.144 0.102  1.157 0.101  1.156 0.100  1.147 0.100 
3rd Qunitle 1.135 0.105  1.131 0.101  1.129 0.101  1.128 0.102 
4th Quintile 1.320** 0.132  1.307** 0.126  1.319** 0.128  1.319** 0.128 
5th Qunitile 1.428*** 0.155  1.363** 0.143  1.370** 0.143  1.372** 0.144 
Income (ref.=1st Q)            
2nd Qunitle 1.056 0.100  1.042 0.097  1.168 0.674  1.108 0.640 
3rd Qunitle 1.285* 0.152  1.249* 0.141  1.011 0.572  0.999 0.566 
4th Quintile 1.526** 0.222  1.448** 0.200  0.898 0.506  0.924 0.521 
5th Qunitile 1.585* 0.309  1.457* 0.269  0.669 0.394  0.689 0.407 
Relative Income (RDI) 0.648 0.217  0.702 0.220  0.687 0.215  0.665 0.209 
 Behavioral Control             
Smoker          0.718*** 0.050 
Alcohol Consumption          0.993 0.026 
 Level-2 Variables:             
 Community 
Characteristics             
Mean Income  (in 1000 
yuan) 1.002 0.008  0.989 0.007  0.989 0.007  0.989 0.007 
Mean education (in 
years) 0.933* 0.028  0.951* 0.023  0.951* 0.023  0.949* 0.024 
Urbanicity Index 1.007* 0.003  1.008** 0.003  1.008** 0.003  1.008** 0.003 
Urban  (ref.=Rural ) 1.044 0.114  1.077 0.097  1.081 0.097  1.071 0.097 
Gini Coefficient*100 0.951*** 0.006  0.932*** 0.006  0.933*** 0.010  0.932*** 0.010 
 Province Indicator             
Jiangsu    2.493*** 0.353  2.414*** 0.345  2.391*** 0.343 
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Table 12 (Cont.) 
 
   Model 5       Model 6       Model 7       Model 8    
Fixed effects                       
  OR   SE    OR   SE   OR   SE    OR   SE  
 
Guangxi    0.496*** 0.061  0.502*** 0.062  0.498*** 0.062 
 Cross-level 
Intearactions             
Gini*Low Income (Q2)       0.998 0.012  0.999 0.012 
Gini*Middle Income 
(Q3)       1.005 0.012  1.005 0.012 
Gini*High Income (Q4)       1.011 0.012  1.010 0.012 
Gini*Top Income (Q5)       1.017 0.012  1.017 0.012 
Gini*Middle Education       0.985 0.007  0.986 0.007 
Gini*High Education       1.008 0.015  1.007 0.015 
            
ICC 0.054 (0.009)  0.025 (0.006)  0.025 (0.006)  0.025 (0.006) 
Level 2 variance 0.187 (0.001)  0.085 (0.001)  0.084 (0.001)  0.086 (0.001) 
Goodness-of-fit (BIC) 
10,600.2
80   10,532.720   10,579.030   10,572.670  
 
              Notes:    Number of observation = 9586; Number of community = 218.  
Numbers are odds ratios. ICC and Level 2 variances have standard errors in parentheses.  
*Significance at 5% level; ** significance at 1% level; *** significance at 0.1% level   
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Table 13 Dimensions of the built environment 
 
Dimension Definition Example of Measures 
Density & 
intensity 
Amount of activity in a given 
area 
Persons per acre, jobs per square 
mile 
Ratio of commercial floor space 
to land area 
Land use mix Proximity of different land 
uses 
Distance from house to nearest 
store 
Share of total land area for 
different uses 
Dissimilarity index 
Street connectivity Directness and availability of 
alternative routes through the 
network 
Intersections per square mile of 
area 
Ratio of straight line distance of 
network distance 
Average block length 
Street scale Three-dimensional space along 
a street as bounded by 
buildings 
Ratio of building heights to street 
widths 
Average distance from street to 
buildings 
 
Aesthetic qualities Attractiveness and appeal of a 
place 
Percent of ground in shade at 
noon 
Number of locations with graffiti 
per square mile 
Regional structure Distribution of activities and 
transportation facilities across 
the regions 
Rate of decline in density with 
distance from downtown 
Classification based on 
concentrations of activity and 
transportation network 
 
Source : Handy, S. L., M. G. Boarnet, R. Ewing, and R. E. Killingsworth. 2002. "How the built 
environment affects physical activity: views from urban planning." American Journal of 
Preventive Medicine 23:64-73. 
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Table 14 Categories of community context for understanding the obsogenic environment 
 
 Local Recreational and Sports Environment  
 Yes No 
Local Fast Food 
Environment 
Yes Presence-Presence  Presence-Absence 
No Absence-Presence Absence-Absence  
 
Table 15 Descriptive statistics of obesity for four categories of community context 
Local Environment Mean BMI SD N of obese Total N % of obese 
Absence-Absence 23.21 3.63 1271 5222 24% 
Absence-Presence 23.44 3.60 766 2777 28% 
Presence-Absence 23.99 3.78 271 791 34% 
Presence- Presence 23.23 3.47 218 796 27% 
Total  
 
2526 9586 26% 
 
Table 16 Crosstab tables between fast food accessibility and obesity outcome (N=9,586) 
    Obesity     
 
   No  Yes Total 
Fast Food 
 No  5,962 (74.53%) 2,037(25.47%) 7,999 
 Yes  1,098 (69.19%) 489 (30.81%) 1,587 
  Total 7,060 (73.65%) 2,526 (26.35%) 9,586 
Notes: Pearson Chi-Square =  19.51***  
***signifies that differences observed are statistically significant at 0.1% level. 
 
Table 17 Crosstab tables between sports facilities accessibility and obesity outcome (N=9,586) 
Notes: Pearson Chi-Square =  4.15* 
***signifies that differences observed are statistically significant at 5% level. 
  
    Obesity     
 
   No  Yes Total 
Sports facilities 
 No  4,471 (74.36%) 1,542(25.64%) 6,013 
 Yes  2,589 (72.46%) 984 (27.54%) 3,573 
  Total 7,060 (73.65%) 2,526 (26.35%) 9,586 
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Table 18 Bivariate analysis of community contexts and BMI and obesity outcome  
 
  
BMI 
  
Obesity (Yes=1) 
 
 
Coefficient SE 
 
Odds Ratio SE 
Fast Food Restaurant 0.053*** 0.012 
 
1.303*** 0.078 
Sports and Rec. Facility 0.019* 0.009 
 
1.102* 0.053 
Absence-Absence (ref.) 
   
1.000 
 Absence-Presence 0.231 ** 0.085 
 
1.184** 0.063 
Presence-Absence 0.780*** 0.138 
 
1.620*** 0.132 
Presence-Presence 0.016 0.138 
 
1.172 0.101 
           
  Notes: *Significance at 5% level; ** significance at 1% level; *** significance at 0.1% level  
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Table 19 Multivariate analysis of community contexts and BMI outcome (N=9,586) 
 
  
Model 1 
  
Model 2 
  
Model 3 Fixed effects     
  Coefficient  SE Coefficient SE 
 
 
Coefficient  
 
SE 
Intercept 23.957*** 0.756   24.059*** 0.765 
 
24.012*** 0.757 
 Level-1 Variables:  
  
 
      Demographic Control  
  
 
     Female -0.002 0.073  -0.003 0.073 
 
-0.004 0.073 
Age 0.197*** 0.015  0.197*** 0.015 
 
0.197*** 0.015 
Age2 -0.002*** <0.001  -0.002*** <0.001 
 
-0.002*** <0.001 
Married 0.337** 0.110  0.337** 0.110 
 
0.338** 0.110 
 SES  
  
 
      Education (ref.=0-6)  
  
 
      Medium Education  (7-12)  -0.067 0.091  -0.067 0.091 
 
-0.066 0.091 
 High Education (12+)  -0.475* 0.187  -0.472* 0.187 
 
-0.480** 0.187 
  
-0.272* 0.127 
 
-0.276* 0.127 
 
-0.269* 0.127 Work Status (ref.=not working)  
 
Occupation (ref.= service)  
  
 
      Professional  -0.248 0.167  -0.25 0.167 
 
-0.261 0.167 
 Manual  -0.367** 0.127  -0.367** 0.127 
 
-0.378** 0.127 
 Wealth (ref.=1st Q)  
  
 
      2nd Qunitle   0.043 0.122  0.043 0.122 
 
0.044 0.121 
 3rd Qunitle  0.036 0.126  0.035 0.126 
 
0.025 0.126 
 4th Quintile  0.297* 0.139  0.303* 0.14 
 
0.285* 0.139 
 5th Qunitile  0.346* 0.152  0.3448 0.152 
 
0.3448 0.152 
 Income (ref.=1st Q)  
  
 
      2nd Qunitle   0.117 0.132  0.117 0.132 
 
0.108 0.132 
 3rd Qunitle  0.374* 0.166  0.373* 0.166 
 
0.360* 0.166 
 4th Quintile  0.547** 0.206  0.545** 0.206 
 
0.530** 0.205 
 5th Qunitile  0.614* 0.276  0.613* 0.276 
 
0.589* 0.275 
 Relative Income (RDI)  -0.119 0.473  -0.12 0.473 
 
-0.084 0.471 
 Level-2 Variables:  
  
 
      Community Characteristics  
  
 
      Mean Income   
-0.023 0.012 
 
-0.024* 0.012 
 
-0.022 0.012 (in 1000 yuan)  
 
 Mean Education (in years)  -0.057 0.041  -0.046 0.041 
 
-0.043 0.041 
 Urbanicity Index  0.228 0.151  0.197 0.151 
 
0.247 0.149 
 Urban  (ref.=Rural )  0.012** 0.004  0.009 0.005 
 
0.008 0.005 
 Gini Coefficient*100   -0.122*** 0.011  -0.123*** 0.011 
 
-0.123*** 0.011 
 Province Indicator  
  
 
        Jiangsu  1.525*** 0.234  1.486*** 0.233 
 
1.520*** 0.234 
   Guangxi  -1.049*** 0.177  -1.021*** 0.177 
 
-1.025 0.174 
 Context  
  
 
           Fast Food Restaurant -0.265 0.155  
           Sports and Rec. Facility 
  
 0.147 0.125 
         Absence-Absence (ref.) 
  
 
           Absence-Presence 
  
 
   
0.266* 0.136 
      Presence-Absence 
  
 
   
0.06 0.208 
      Presence-Presence 
  
 
   
-0.313 0.218 
Random-effects Parameters 
  
 
          
      Random Intercept  0.561 (0.051) 
 
0.562 (0.051)     0.545 (0.051) 
     
      Level-1 Residual  3.404 (0.025) 
 
3.404 (0.025) 
 
3.404 (0.025) 
Model Fit Statistics (BIC) 51,116.310     51117.850    51,128.410 
 
  Notes:    Number of observation = 9586; Number of community = 218.  
Numbers are coefficients. Random-effects parameters have standard errors in parentheses.  
*Significance at 5% level; ** significance at 1% level; *** significance at 0.1% level  
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Table 20 Multivariate analysis of community contexts and obesity outcome (N=9,586) 
 
  
Model 1 
 
Model 2 
 
Model 3 
Fixed effects   
 
OR SE  OR SE  OR SE 
 Level-1 Variables:  
  
 
  
 
   Demographic Control  
  
 
  
 
   Female  1.000 0.051  0.999 0.051  0.999 0.051 
 Age  1.123*** 0.013  1.124*** 0.013  1.123*** 0.013 
 Age2  0.999*** <0.001  0.999*** <0.001  0.999*** <0.001 
 Married  1.2168 0.099  1.2168 0.099  1.217* 0.099 
 SES  
  
 
  
 
   Education (ref.=0-6)  
  
 
  
 
       Medium Education  (7-12)  0.918 0.058  0.919 0.058  0.919 0.058 
     High Education 2 (12+)  0.724* 0.095  0.725* 0.096  0.721* 0.095 
Work Status  
(ref.=not working)  0.949 0.083 
 
0.947 0.083 
 
0.951 0.083 
Occupation  
(ref.= service)  
  
 
  
 
   Professional  0.816 0.093  0.816 0.093  0.811 0.092 
 Manual  0.719*** 0.064  0.718*** 0.064  0.714*** 0.063 
 Wealth (ref.=1st Q)  
  
 
  
 
   2nd Qunitle   1.157 0.101  1.159 0.101  1.160 0.100 
 3rd Qunitle  1.130 0.101  1.127 0.101  1.122 0.100 
 4th Quintile  1.308** 0.126  1.316** 0.127  1.304** 0.126 
 5th Qunitile  1.370** 0.144  1.376** 0.144  1.375** 0.144 
 Income (ref.=1st Q)  
  
 
  
 
   2nd Qunitle   1.043 0.097  1.041 0.097  1.036 0.096 
 3rd Qunitle  1.2498 0.141  1.247* 0.141  1.240 0.140 
 4th Quintile  1.448** 0.200  1.444** 0.199  1.435** 0.197 
 5th Qunitile  1.458* 0.268  1.453* 0.267  1.439* 0.264 
 Relative Income (RDI)  0.702 0.219  0.704 0.220  0.715 0.223 
 Level-2 Variables:  
  
 
  
 
   Community Characteristics  
  
 
  
 
   Mean Income  
 (in 1000 yuan)  0.989 0.007 
 
0.989 0.007 
 
0.990 0.007 
 Mean Education (in years)  0.949* 0.023  0.955 0.024  0.957 0.024 
 Urbanicity Index  1.082 0.097  1.066 0.096  1.085 0.098 
 Urban  (ref.=Rural )  1.008** 0.003  1.006* 0.003  1.006* 0.003 
 Gini Coefficient *100  0.932*** 0.006  0.931*** 0.006  0.931*** 0.006 
 Province Indicator  
  
 
  
 
   Jiangsu  2.553*** 0.368  2.562*** 0.364  2.574*** 0.371 
 Guangxi  0.493*** 0.061  0.499*** 0.061  0.500*** 0.061 
 Context  
  
 
  
 
  Fast Food Restaurant 0.923 0.085  
  
 
  Sports and Rec. Facility 
  
 1.110 0.085  
  Absence-Absence (ref.) 
  
 
  
 
  Absence-Presence 
  
 
  
 1.172 0.099 
Presence-Absence 
  
 
  
 1.062 0.130 
Presence-Presence 
  
 
  
 0.951 0.126 
 ICC  0.025 (0.006)  0.024 (0.006)  0.024 (0.006) 
Level 2 variance 0.084 (0.001)  0.083 (0.001)  0.080 (0.001) 
 Goodness-of-fit (BIC)  10,541.130 
 
 10540.020 
 
 10,555.230 
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Notes:    Number of observation = 9586; Number of community = 218.  
Numbers are odds ratios. ICC and Level 2 variances have standard errors in parentheses.  
*Significance at 5% level; ** significance at 1% level; *** significance at 0.1% level  
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Table 21 Stratified analysis of community contexts and BMI outcome (N=9,586) 
  Overall Model Absence-Absence Absence-Presence Presence-Absence Presence-Presence 
Fixed effects Coefficient SE Coefficient SE Coefficient SE Coefficient SE Coefficient SE 
Intercept 23.930*** 0.759 25.043*** 1.061 24.261*** 1.480 23.322*** 2.821 20.75*** 2.195 
Level-1 Variables:                   
Demographic Control          Female -0.003 0.073 0.194* 0.099 -0.092 0.133 -0.380 0.263 -0.562* 0.240 
Age 0.197*** 0.015 0.182*** 0.020 0.190*** 0.028 0.260*** 0.057 0.267*** 0.052 
Age2 -0.002*** <0.001 -0.002*** <0.001 -0.002*** <0.001 -0.003*** 0.001 -0.002*** 0.001 
Married 0.338** 0.110 0.425** 0.151 0.449* 0.201 -0.408 0.387 0.124 0.359 
SES           
Education (ref.=0-6) 
         
Medium Education (7-12) -0.067 0.091 0.147 0.119 -0.161 0.172 -1.057** 0.361 -0.535 0.337 
High Education (12+) -0.473* 0.187 0.183 0.307 -0.41 0.313 -2.435*** 0.594 -1.105* 0.523 
Work Status (ref.=not working) -0.274* 0.127 -0.037 0.183 -0.266 0.223 -0.84 0.454 -0.603 0.362 
Occupation (ref.= service) 
         
Professional -0.252 0.167 -0.177 0.257 -0.335 0.290 -0.069 0.529 0.018 0.429 
Manual -0.363** 0.127 -0.489** 0.176 -0.306 0.225 -0.314 0.511 -0.392 0.437 
Wealth (ref.=1st Q) 
         
2nd Qunitle  0.043 0.122 -0.151 0.146 0.476 0.246 0.926 0.726 0.08 0.559 
3rd Qunitle 0.039 0.126 -0.013 0.158 0.24 0.240 0.196 0.681 -0.254 0.599 
4th Quintile 0.296* 0.140 0.214 0.183 0.528 0.263 0.358 0.645 0.615 0.562 
5th Qunitile 0.333* 0.152 0.012 0.217 0.634* 0.290 1.108 0.636 0.266 0.532 
Income (ref.=1st Q) 
         
2nd Qunitle  0.118 0.132 0.101 0.170 0.122 0.258 0.570 0.582 -0.022 0.548 
3rd Qunitle 0.375* 0.166 0.360 0.220 0.530 0.325 0.749 0.701 0.418 0.632 
4th Quintile 0.547** 0.206 0.440 0.274 0.859* 0.408 1.532 0.856 0.576 0.749 
5th Qunitile 0.616* 0.276 0.601 0.375 1.038 0.532 1.538 1.136 0.402 0.968 
Relative Income (RDI) -0.122 0.474 0.053 0.657 -1.191 0.914 -0.662 1.793 -0.42 1.504 
Level-2 Variables:               
Community Characteristics         
Mean Income  (in 1000 yuan) -0.024* 0.012 -0.043* 0.019 -0.017 0.019 -0.121** 0.047 0.041 0.042 
Mean Education (in years) -0.053 0.041 -0.077 0.058 0.034 0.069 0.087 0.099 -0.285 0.160 
Urbanicity Index 0.011* 0.004 0.014* 0.006 -0.003 0.008 0.016 0.014 0.048* 0.020 
Urban  (ref.=Rural ) 0.210 0.151 0.541* 0.220 0.175 0.255 -0.458 0.359 -0.266 0.515 
Gini Coefficient*100  -0.120*** 0.011 -0.143*** 0.015 -0.108*** 0.017 -0.112* 0.044 -0.116*** 0.027 
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Table 21 (Cont.) 
 
 
Notes:    Number of observation = 9586; Number of community = 218.  
Numbers are coefficients. Random-effects parameters have standard errors in parentheses.  
In the Presence-Absence context, Guangxi Province is omitted due to collinearity. 
*Significance at 5% level; ** significance at 1% level; *** significance at 0.1% level  
  Overall Model Absence-Absence Absence-Presence Presence-Absence Presence-Presence 
Fixed effects Coefficient SE Coefficient SE Coefficient SE Coefficient SE Coefficient SE 
Province Indicator          
Jiangsu 1.444*** 0.231 1.357*** 0.388 1.218** 0.384 2.297** 0.814 2.125*** 0.547 
Guangxi -1.032*** 0.177 -1.062*** 0.220 -1.077*** 0.278 (omitted) 
 
-0.315 0.532 
Random-effects Parameters 
           Random intercept  0.566 (0.051) 0.504 (0.068) 0.463 (0.093) 1.63E-11 (9.03E-11) 1.15E-10 (6.89E-10) 
   Level-1 Residual  3.404 (0.025) 3.404 (0.034) 3.358 (0.046) 3.552 (0.089) 3.225 (0.081) 
Model Chi-square 665.27  
392.59 
 
258.33 
 
105.62 
 
124.76 
 
Model df 25 
 
25 
 
25 
 
24 
 
25 
 
-2 LL 50,853.35 
 
27,687.34 
 
14,647.36 
 
4,249.81 
 
4,122.89 
 
LRT 145.958*** 
         
N 9,586   5,222   2,777   791   796  
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Table 22 Stratified analysis of community contexts and obesity outcome (N=9,586) 
 
Overall Model Absence-Absence Absence-Presence Presence-Absence Presence-Presence 
 Fixed effects   OR   SE   OR   SE   OR   SE   OR   SE   OR  SE 
 Level-1 Variables:  
  
                
 Demographic Control  
          Female  1.000 0.051 1.173* 0.083 0.916 0.087 0.74 0.124 0.685* 0.122 
 Age  1.123*** 0.013 1.111*** 0.018 1.128*** 0.025 1.161*** 0.045 1.172*** 0.049 
 Age2  0.999*** < .001 0.999*** < .001 0.999*** <0.001 0.999*** <0.001 0.999*** <0.001 
 Married  1.217* 0.099 1.344* 0.159 1.274 0.193 0.796 0.194 0.889 0.24 
 SES  
           Education (ref.=0-6)  
          Medium Education (7-12)  0.918 0.058 1.029 0.087 0.859 0.104 0.528** 0.118 0.908 0.22 
 High Education  (12+)  0.725* 0.096 0.874 0.193 0.826 0.178 0.155*** 0.068 0.763 0.301 
 Work Status (ref.=not working)  0.948 0.083 1.022 0.132 0.969 0.152 0.872 0.245 0.836 0.22 
 Occupation (ref.= service)  
          Professional  0.815 0.093 0.915 0.162 0.686 0.138 0.986 0.333 0.864 0.273 
 Manual  0.720*** 0.064 0.692** 0.087 0.723* 0.117 0.686 0.218 0.716 0.237 
 Wealth (ref.=1st Q)  
          2nd Qunitle   1.157 0.101 1.078 0.111 1.371 0.252 1.562 0.713 1.329 0.636 
 3rd Qunitle  1.131 0.101 1.156 0.128 1.108 0.200 1.057 0.467 1.142 0.567 
 4th Quintile  1.307** 0.126 1.358* 0.171 1.257 0.240 1.313 0.546 1.815 0.843 
 5th Qunitile  1.363** 0.143 1.199 0.181 1.343 0.280 1.932 0.789 1.756 0.788 
 Income (ref.=1st Q)  
          2nd Qunitle   1.042 0.097 1.064 0.127 1.086 0.204 1.441 0.529 0.711 0.309 
 3rd Qunitle  1.249* 0.141 1.173 0.177 1.531 0.351 2.100 0.935 1.316 0.619 
 4th Quintile  1.448** 0.2 1.352 0.252 1.869* 0.529 3.807* 2.073 1.003 0.558 
 5th Qunitile  1.457* 0.269 1.345 0.343 2.467* 0.907 3.123 2.248 0.762 0.548 
 Relative Income (RDI)  0.702 0.22 0.673 0.299 0.385 0.240 0.263 0.299 1.716 1.895 
 Level-2 Variables:  
    
        
   Community Characteristics  
         Mean Income  (in 1000 yuan)  0.989 0.007 0.979 0.012 0.987 0.012 0.919** 0.027 1.036 0.032 
 Mean Education (in years)  0.951* 0.023 0.953 0.033 0.970 0.045 1.072 0.068 0.828 0.097 
 Urbanicity Index  1.008** 0.003 1.24 0.164 1.066 0.179 0.694 0.155 1.062 0.411 
 Urban  (ref.=Rural )  1.077 0.097 1.006 0.004 1.005 0.006 1.012 0.009 1.027 0.015 
 Gini Coefficient *100  0.932*** 0.006 0.918*** 0.009 0.939*** 0.011 0.944* 0.027 0.934*** 0.019 
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Table 22 (Cont.) 
 
 
Overall Model Absence-Absence Absence-Presence Presence-Absence Presence-Presence 
 Fixed effects   OR   SE   OR   SE   OR   SE   OR   SE   OR  SE 
  
Province Indicator  
          Jiangsu  2.493*** 0.353 2.908*** 0.713 2.077** 0.524 3.232* 1.699 2.908** 1.210 
 Guangxi  0.496*** 0.061 0.539*** 0.085 0.449*** 0.094 (omitted) 
 
0.751 0.311 
 Random-effects Parameters  
          ICC   0.025 (0.006) 0.017 (0.008) 0.024 (0.011) 0.001 (0.017) <0.001 (<0.001) 
 Level-2 Variance  0.085 (0.001) 0.056 (0.003) 0.082 (0.004) < 0.001 (<0.001) <0.001 (<0.001) 
 Model Chi-square  476.58 
 
260.86 
 
171.89 
 
81.11 
 
66.00 
  Model df  25 
 
25 
 
25 
 
24 
 
25 
  -2 LL  10,285.180 
 
5,411.650 
 
2,997.18 
 
915.616 
 
858.091 
  LRT  102.646* 
         N 9,586  5,222  2,777  791  796  
 
 
Notes:    Number of observation = 9586; Number of community = 218.  
Numbers are odds ratios. Random-effects parameters have standard errors in parentheses.  
In the Presence-Absence context, Guangxi Province is omitted due to collinearity. 
*Significance at 5% level; ** significance at 1% level; *** significance at 0.1% level  
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Figure 1 Overweight and obesity prevalence by age: United States, 1971-2006 
 
 
Source: CDC/NCHS, NHANES 2008. "U.S. Obesity Trends: Trends by State 1985–2008." vol. 
2010 http://www.win.niddk.nih.gov/statistics/index.htm. Accessed on April 20th, 2010.  
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Figure 2 Percentage of adult population with a BMI >= 30 in OECD member countries 
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Figure 3 The world population in urban areas (source: Hoffman 2001, adapted from World 
Bank, 2000, World Development Indicators) 
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Figure 4   Global infant and young child overweight trends, 1990‒2015 
 (by World Bank income group)  
 
 
Source: WHO, 2011. "Global status report on noncommunicable diseases 2010: Description of 
the global burden of NCDs, their risk factors and determinants." 
http://www.who.int/nmh/publications/ncd_report2010/en/index.html. Accessed on 08/30/2011.  
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Figure 5 Income inequality in China, 1978-2004  
  
 
 
 
Source: Huang, Yukon and Xubei Luo. 2008. "Reshaping Economic Geography: The China 
Experience." in Reshaping Economic Geography in East Asia, edited by Y. Huang and A. 
M. Bocchi. NY: World Bank.   
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Figure 6 Trends in the prevalence of overweight and obesity in China, 1992–2002 
 
 
 
Reprinted from: Wang, H., S. Du, F. Zhai, and B. M. Popkin. 2007. "Trends in the distribution of 
body mass index among Chinese adults, aged 20-45 years (1989-2000)." International Journal of 
Obesity 31:272-8.  Used with permission. 
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Figure 7 Distribution of average BMI in adults by regions in China 
 
 
 
 
 
Reprinted from: Zhuo, Q., Z. Wang, J. Piao, G. Ma, F. Zhai, Y. He, and X. Yang. 2009. 
"Geographic Variation in the Prevalence of Overweight and Economic Status in Chinese 
Adults." British Journal of Nutrition 102:413-8. Used with permission. 
  
278 
 
Figure 8 Map of surveyed CHNS provinces in 2006 
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Figure 9 CHNS response rates at the individual-level, 1989-2006 
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Figure 10 Schematic of data combination and sample selection 
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Figure 11 Gini coefficients by province, CHNS 2006 
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Figure 12 Prevalence of obesity by individual SES, CHNS 2006 
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Figure 13 Prevalence of obesity by province, CHNS 2006 
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Figure 14 Provincial Gini coefficients and obesity prevalence 
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Figure 15 Provincial Gini coefficients and mean BMI by province 
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Figure 16 An ecological model relating the built environment to physical activity, diet and body 
weight.  
 
 
 
Reprinted from: Powell, L., S. Slater, F. Chaloupka. 2005. A Multi-Causal Model of Eating, 
Physical Activity and Obesity. www.impacteen.org/. Used with permission. 
